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Normas de uso 


Google se enorgullece de poder colaborar con distintas bibliotecas para digitalizar los materiales de dominio püblico a fin de hacerlos accesibles 
a todo el mundo. Los libros de dominio püblico son patrimonio de todos, nosotros somos sus humildes guardianes. No obstante, se trata de un 
trabajo caro. Por este motivo, y para poder ofrecer este recurso, hemos tomado medidas para evitar que se produzca un abuso por parte de terceros 
con fines comerciales, y hemos incluido restricciones técnicas sobre las solicitudes automatizadas. 


Asimismo, le pedimos que: 


+ Haga un uso exclusivamente no comercial de estos archivos Hemos diseñado la Búsqueda de libros de Google para el uso de particulares; 
como tal, le pedimos que utilice estos archivos con fines personales, y no comerciales. 


+ No envíe solicitudes automatizadas Por favor, no envíe solicitudes automatizadas de ningün tipo al sistema de Google. Si está llevando a 
cabo una investigación sobre traducción automática, reconocimiento óptico de caracteres u otros campos para los que resulte util disfrutar 
de acceso a una gran cantidad de texto, por favor, envíenos un mensaje. Fomentamos el uso de materiales de dominio püblico con estos 
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+ Conserve la atribución La filigrana de Google que verá en todos los archivos es fundamental para informar a los usuarios sobre este proyecto 
y ayudarles a encontrar materiales adicionales en la Büsqueda de libros de Google. Por favor, no la elimine. 


+ Manténgase siempre dentro de la legalidad Sea cual sea el uso que haga de estos materiales, recuerde que es responsable de asegurarse de 
que todo lo que hace es legal. No dé por sentado que, por el hecho de que una obra se considere de dominio püblico para los usuarios de 
los Estados Unidos, lo será también para los usuarios de otros países. La legislación sobre derechos de autor varía de un país a otro, y no 
podemos facilitar información sobre si está permitido un uso específico de algün libro. Por favor, no suponga que la aparición de un libro en 
nuestro programa significa que se puede utilizar de igual manera en todo el mundo. La responsabilidad ante la infracción de los derechos de 
autor puede ser muy grave. 


Acerca de la Búsqueda de libros de Google 


El objetivo de Google consiste en organizar información procedente de todo el mundo y hacerla accesible y útil de forma universal. El programa de 
Büsqueda de libros de Google ayuda a los lectores a descubrir los libros de todo el mundo a la vez que ayuda a autores y editores a llegar a nuevas 


audiencias. Podrá realizar búsquedas en el texto completo de este libro en la web, en la página|ht tp: //books.google.com 
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information in books and make it universally accessible. 
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Quartz Lamp. (M. von Recklinghausen.).............. June, 
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July, 226; August, 256; Se tember, 271; November, 303; December, 
Study of Some Three-Phase ystems, A. (Charles Fortescue. ) May, 


Submarine Signaling. (R. F. Blake.).................. October, 
Testimonial to Mr. Herman Aaron, General Counsel of the Institu- 

iiir pc ——————————————P June, 
Theory of the Corona. (Bergen Davis.)................. A pril, 
Toll Telephone Traffic. (Frank F. Fowle.)............... June, 
Traffic Studies in Automatic-Switchboard Telephone Systems. 

(W. Lee Campbell.) ............................... March, 


Transferred to Grade of Member... February, 46; April, 115; May, 
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United Engineering Society, Treasurer's Report......... March, 
Use of Reactance with Synchronous Converters. (J.L. McK. Yard- 
CY O Me CET PREDA November 
Value of Membership in the American Institute of Electrical En- 
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79 


1863 
747 
625 

1569 
753 
641 
227 
429 
409 


viii INDEX OF AUTHORS 


Clark, Jo Camerotnexsoo ооа CU Auman wan e e June, 
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Fullerton; H. Lo. oet He Bac ЛЫ Ы) February, 
Gorsuch, W. Secure ossi б ТЫ tp oie RN une, 
Gorton, Wi Sac КОЛКО К Ғы ГК ТТ June, 
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мо LT |o DEW EE October, 
Mager, Нора etre ue EE AEG VEA E e xa pp Ri May, 
Mele pe Howard osse e Ara e d September, 
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Middleton, W; Тоат CY ERIS MERERI June, 
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Newell, E. Hose daas we ааа od e eae AA q us n October, 
Newton, Walter келей ыссы ur ара d eS ERA te June, 
Nims, PeDe ua Sawa залы Ы Koc fg ete CUN dg August, 
Oschmann, Wioilliam................................... June, 
Peek: F. Wa JE soe eb ACE June, 889; December, 
Pender, sr А v uen Lu Saka Мын tins March, 
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Recklinghausen, M. уоп................................ June, 
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Vol. XXXIII 


Next A.I.E.E. Meeting, January 
9, 1914 


The 290th meeting of the A. I. E. E. 
will be held in the auditorium of the 
Engineering Societies Building, New 
York, January 9, 1914, at 8:15 p.m. 

This will be a joint meeting of the 
American Institute of Electrical En- 
gineers and the New York Sections of 
the American Electrochemical Society 
and the American Society of Mechan- 
ical Engineers. The subject of the 
meeting will be “ power problems in 
the electrolytic deposition of metals," 
and three papers will be presented, as 
follows—(1) “ Limitations of the Prob- 
lem of Electrolytic Deposition," by 
Lawrence Addicks of the A. E. S., who 

sll present a brief statement of the 
conditions imposed by practise in the 
electrolytic refining of copper as a 
typical process; (2) “ The Mechanical 
Side of the Problem," by H. E. Long- 
well of the A. S. M. E., who will con- 
sider the application of gas and steam 
prime movers for driving generators 
of the required type; (3) “ Sources of 
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Direct Current for Electrochemical 
Processes,” by F. D. Newbury of the 
A. I. E. E., discussing the design of the 
electrical equipment required in electro- 
chemical work. The papers will be 
illustrated by lantern slides. 

At the close of the technical session 
the meeting will adjourn to the Insti- 
tute rooms on the 10th floor, where a 
smoker will be held and light refresh- 
ments served. 


A.LE E. Midwinter Convention 


The second annual midwinter con- 
vention of the American Institute of 
Electrical Engineers will be held in the 
Engineering Societies Building, New 
York, February 25, 26 and 27, 1914, 
under the auspices of the Electric Power 
Committee. 

The general subject of the meeting 
will be '' electric power," and each of 
the sub-committees of this general 
committee will present papers on the 
special branch of this subject under its 
jurisdiction. The subdivisions of the 
subject are: (1) power stations, (2) 
power generation, (3) protective appar- 
atus, (4) transmission, (5) distribution, 
(6) economics, and (7) engineering data. 
A full list of titles of the papers to be 


. presented at this meeting is not avail- 


able at this time, but a complete pro- 
gram of the convention will be published 
in the February issue of the PROCEED- 
INGS. 

In addition to the technical sessions 
there will be some entertainment 
features, provided by the New York. 
Reception Committee, which will also 
be announced-in the February PRO- 
CEEDINGS. 


International Electrical 
Congress, San Francisco, 1914 


The International Electrical Congress 
is to be held at San Francisco, Septem- 
ber 13 to 18, 1915, under the auspices 
of the American Institute of Electrical 
Engineers by authority of the Inter- 
national Electrotechnical Commission, 
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and during the Panama-Pacific Inter- 
national Exposition. Dr. C. P. Stein- 
metz has accepted the Honorary Presi- 
dency of the Congress. The delibera- 
tions of the congress will be divided 
among twelve sections which will deal 
exclusively with electricity and electrical 
practise. There will probably be about 
250 papers. The first membership in- 
vitations will be issued in February or 
March, 1914. 

Attention is drawn to the distinction 
between this Electrical Congress and 
the International Engineering Congress 
which will be held at San Francisco 
during the week immediately following 
the electrical congress. The engineering 
congress is supported by the Societies 
of Civil, Mechanical and Marine 
Engineers and by the Institutes of Min- 
ing and Electrical Engineers, as well as 
by prominent Pacific Coast engineers 
who are actively engaged in organizing 
it. “This congress will deal with en- 
gineering in a general sense, electrical 
engineering subjects being limited to 
one of the eleven sections which will 
include about twelve papers, treating 
more particularly theapplicationsof elec- 
tricity in engineering work. 

The meeting of the International 
Electrotechnical Commission will be 
held during the week preceding that of 
the Electrical Congress. 


Nominations for Institute 
Officers for 1914-1915 


As provided in Section 18 of the 
Institute by-laws, candidates may now 
be proposed for nomination for the 
offices to be filled at the next annual 
election in May, 1914, by the petition 
or by the separate endorsement in 
wri@ng, of not less than fifty members. 
The petitions or separate endorsements 
must be in the hands of the Secretary 
not later than January 25, 1914. For 
the convenience of members, a form of 
petition has been prepared by the 
Secretary, and copies of it тау be 
obtained upon application to Institute 
headquarters. Endorsements may, 
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however, be made by letter if the form 
is not available. 

The officers to be elected are: a 
President and a Treasurer, for the term 
of one year each, three Vice-Presidents 
for the term of two years each, and four 
Managers for the term of three years 
each. 

For the information of members, 
the full text of Section 18 of the by-laws, 
governing the proposal of candidates 
for nomination, is printed below: 


"Sec. 18. In addition to the names of the 
incumbents of office, the Secretary shall publish 
on 'the form showing offices to be filled at the 
ensuing annual election in May,’ provided forin 
Article VI, Section 30, of the Constitution, the 
names, as candidates for nomination, of such 
members of the Institute as have been proposed 
for nomination for a particular office by the peti- 
tion or by the separate endorsement of not less 
than fifty members, received by the Secretary 
of the Institute in writing by January 25 of each 
year. 

“Тһе names of such candidates for nomination 
shall be grouped alphabetically under the name 
of the office for which each is proposed, and this 
by-law shall be reprinted prominently in the 
January issue of each year's PROCEEDINGS, and 
shall be reproduced on the form above referred 
to.” 


Section Territory 


An important amendment to Section 
51 of the Institute by-laws, recom- 
mended by the Sections Committee, was 
adopted by the Board of Directors at 
its meeting on December 12, 1913. 

Under Section 51 the territory of 
sections was limited to points within 60 
miles of the meeting place. Ав the 
amount of financial support to which a 
Section is entitled from the Institute 
depends upon the number of Institute 
members in its territory, this limit 
proved to be unsatisfactory to a few of 
the Pacific coast Sections which desired 
to include certain towns beyond the 
60-mile limit, but naturally tributary 
to the Sections concerned. The matter 
was brought up for discussion at the 
conference of Section delegates at the 
Cooperstown Convention last June, 
and the result is the present amendment. 

The by-law as amended permits the 
extension of the territorial limits of any 
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Section by the Board of Directors of 
the Institute, when in the judgment of 
the Board such extension is warranted 
by local conditions. 

Amendments to the Institute by-laws 
become effective as soon as adopted, 
and the amended by-law is therefore 
in force. . The text of Section 51 as 
amended is as follows: 


Section 51. The territory of a Section shall 
include the locality naturally tributary thereto, 
but shall not include territory so remote or inac- 
cessible that members cannot readily attend 
meetings. For the purpose of determining the 
maximum amount to which a Section is entitled 
under Section 60 of these By-laws, particularly 
Sub-Section (b) thereof, points more than sixty 
miles from the regular meeting place of the Sec- 
tion shall not be considered a part of that Section, 
except that, when special conditions warrant 
such action, additional territory within a reason- 
able distance may be authorized by the Board of 
Directors, upon application of the Executive 
Committee of the Section concerned, and the 
approval of the Sections and Finance Committees. 
If adjacent Sections are so situated that the 
60-mile limit embraces common territory, then 
proximity shall govern the question as to which 
Section "may claim such members as reside within 
this common territory. 


Present-day Tendencies and 
Problems 


In a forceful and timely address 
delivered at the annual convention of 
the American Society of Civil Engineers 
in Ottawa, Ontario, last June, Professor 
George F. Swain, president of the 
Suciety, gave an admirable summary 
of the economic tendencies and prob- 
lems of the times, and the relation of 
the engineer thereto. 

The facts presented so strikingly by 
Professor Swain in his address are 
worthy of the thoughtful consideration, 
not only of engineers, but of thinking 
men in every walk of life. “The address 
is broadly philosophical, and at the same 
time practical, and shows a keen insight 
into prevailing sociologic and economic 
conditions. It should be of especial 
interest to the rank and file of the 
Institute's membership in bringing to 
their attention. the important part 
which the engineer can take in the 
adjustment of these conditions and 
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the solution of the problems of the 
present day. 

A limited number of reprints of 
Professor Swain's address is available, 
and until this supply is exhausted, a 
copy may be obtained upon applica- 
tion to Institute headquarters. 


Meeting at Stevens Institute 


The members of the A. I. E. E. are 
cordially invited to attend a meeting 
at Stevens Institute of Technology, 
Hoboken, N. J., on Friday afternoon, 
January 9, 1914, at 3 o'clock. 

The subject of discussion at this 
meeting will be “ Public Service Cor- 
porations and Their Relations to the 
Public," and addresses will be made 
by a number of prominent engineers 
who are specially qualified to discuss 
this subject. Among the speakers are 
Dr. Alex. C. Humphreys, president of 
Stevens Institute, John W. Lieb, Jr., 
vice-president, New York Edison Com- 
pany, James E. Sague, Public Service 
Commissioner 2d District, New York, 
and Newcomb Carlton, vice-president, 
Western Union Telegraph Company. 


Addresses Wanted 


Former address. 
Kentland, Ind. 
113 N. College St., 
Schenectady, N. Y. 
W. C. Parrish, Walla Walla, Wash. 
Anyone who can give information 
that may assist in obtaining any of 
these addresses is requested to com- 
municate with the Secretary of the 
Institute. | 


Name 
G. S. Maltha, 
H. E. Nichols, 


Illuminating Engineering 
Society's Exhibit at Safety 
Exposition 


The Illuminating Engineering Society 
had a miniature exhibition of lighting 
and illumination effects at the Inter- 
national Exposition of Safety and Sani- 
tation in the Grand Central Palace, 
New York, December 11 to 20, 1913, 
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which was awarded a grand prize. 
The exhibit consisted of a series of 
booths and a large collection of pictures, 
contrasting good and bad lighting in 
home, school, store and mill, and show- 
ing in a striking manner the importance 
of direction in illumination, and the 
vast difference between good use and 
misuse of light. 

The entire exhibit, which was in- 
stalled under the direction of a special 
committee of the society, is to be placed 
in the American Museum of Safety, 
„їп the Engineering Societies Building, 
New York, where it may be seen, free 
of charge, by the public. 


Directors’ Meeting, December 


12, 1918 


'The Board of Directors of the Insti- 
tute held its regular monthly meeting in 
New York on Friday, December 12, 
1913, at 3:30 p.m. 

There were present: President C. O. 
Mailloux, New York; Past-President 
Ralph D. Mershon, New York; Vice- 
Presidents A. W. Berresford, Milwau- 
kee, Wis., S. D. Sprong, New York; 
Managers F. S. Hunting, Fort Wayne, 
Ind., W. S. Lee, Charlotte, N. C., Far- 
ley Osgood, Newark, N. J. C. A. 
Adams, Cambridge, Mass., J. Franklin 
Stevens, Philadelphia, Ра, Wiliam 
McClellan, New York, H. A. Lardner, 
San Francisco, Cal, B. A. Behrend, 
Boston, Mass., Peter Junkersfeld, Chi- 
cago, Ill., L. T. Robinson, Schenectady, 
N. Y.; Treasurer George A. Hamilton, 
Elizabeth, N. J.; and Secretary F. L. 
Hutchinson, New York. 

The action of the Finance Committee 
in approving monthly bills amounting 
to $7,218.04, was ratified. 

Upon the recommendation of the 
Sections Committee, Section 51 of the 
Institute by-laws, limiting Section ter- 
ritory to points within sixty miles of the 
meeting place of a Section, was amended 
so as to permit the Board of Directors 
to extend this territory in cases where 
such extension is warranted by condi- 
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tions such as obtain with some of the 
Pacific Coast Sections. 

Upon the recommendation of the 
Board of Examiners, the following 
action was taken upon pending applica- 
tions for election and transfer: 

Fifty-five applicants were elected As- 
sociates. 

Eighty-four students were ordered 
enrolled. 

The following applicants were clected 
to the grade of member: Stephen F. 
Briggs, Milwaukee, Wis.; Fred A. Bryan, 
South Bend, Ind.; J. W. Hissink, 
Kaiserdamm, Berlin, Germany; A. D. 
Hotson, Vancouver, B. C.; William P. 


Kennedy, New York; Sherman G. 
Peticolas, Omaha, Neb.; Samuel R. 
Pritchard, Blacksburg, Va.; Richard 


H. Whitchead, Pedro Miguel, C. Z. 
The following Members were trans- 
ferred to the grade of Fellow: H. A. 


Mavor, Glasgow, Scotland; William 
McLellan, Newcastle-on-Tyne, Eng- 
land. . 


The Standards Committee reported 
recommending the publication in the 
PROCEEDINGS of the preliminary report of 
the Joint Rubber Insulation Committee, 
an unofficial body representing various 
manufacturers and users of rubber com- 
pounds, which has been at work for 
two years preparing a standard speci- 
fication and analytical procedure for 30 
per cent Hevea rubber insulating com- 
pound. "The report 1s printed in Section 
II of this issue. 

The Secretary announced the follow- 
ing additional committee appointments 
by President Mailloux: 

Standards Committee: W. 
Mar. 

Committee on Electrically Propelled 
Vehicles: Ernest Lunn and Frank W. 
Smith. 

Sub-Committee on Transmission: 
tor H. Greisser. 

Sub-Committee on Distribution: P. M. 
Lincoln. 

Local Representatives of the Board of 
Examiners (As recommended by that 
Board): C. L. Cory, Berkeley, Cal.; К.Е. 
Hayward, Vancouver, B. C.; H. H. 


A. Del 


Vic- 
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Humphrey, St. Louis, Mo.; L. A. 
Herdt, Montreal, P. Q.; A. M. Schoen, 
Atlanta, Ga.; E. Leonarz, Monterey, 
Mex.; W. B. Jackson, Chicago, Ill.; J. 
F. Vaughan, Boston, Mass. 


A. I. E. E. Meeting in New York 
December 12, 1918 


The 289th meeting of the Institute 
was held in the auditorium of the En- 
gineering Societies Building, New York, 
on Friday evening, December 12, 1913. 

President C. O. Mailloux called the 
meeting to order at 8:40 p.m., and 
introduced Mr. F. M. Farmer, who 
read his paper entitled The Dielectric 
Strength of Thin Insulating Materials. 

Those who took part in the discussion 
of Mr. Farmer's paper and the gcneral 
subject of insulating materials, werc 
Messrs. Е. W. Peek, Jr., Phillips 
Thomas, R. P. Jackson, C. E. Skinner, 
Henry W. Fisher, M. E. Tressler, E. B. 
Rosa, Clayton H. Sharp, John B. Taylor, 
A. E. Kennelly, D. B. Rushmore, H. M. 
Hobart, W. I. Middleton, C. F. Scott, 
and F. M. Farmer. 

The meeting was then adjourned to 
the rooms of the Institute on the tenth 
floor, where light refreshments were 
served to the members and guests. 


Recommended for Transfer, 
December 9, 1918 


The Board of Examiners, at its regular 
monthly meeting on December 9, 1913, 
recommended the following members of 
the Institute for transfer to the grades 
- of membership indicated. Any ob- 
jection to these transfers should be 
filed at once with the Secretary. 


To THE GRADE OF FELLOW 


Baum, F. G., Consulting Engineer; 
Chief Engineer Hydraulic Construc- 
tion, and General Superintendent 
Construction, Pacific Gas & Electric 
Co., San Francisco, Cal. 
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To THE GRADE OF MEMBER 


LITTLE, ARLINGTON P., Associate Pro- 
fessor of Electrical Engineering, Okla- 
homa A. & M. College, Stillwater, 
Okla. 

PYLE, CLARENCE G., District Sales 
Agent, Standard Underground Cable 
Co., Los Angeles, Cal. 


Transferred to the Grade of 
Fellow December 12,1918 


'The following were transferred to the 
grade of Fellow of the Institute at 
the meeting of the Board of Directors 
on December 12, 1913. 
Mavor, H. A. Electrical 

Glasgow, Scotland. 
MCLELLAN, WILLIAM, Merz and Mc- 

Lellan, Newcastle-on-Tyne, Eng- 

land. 


Engineer, 


Members Elected December 
12, 1918 


BRIGGS, STEPHEN F., President, Briggs 
& Stratton Co., Milwaukee, Wis. 

BRYAN, FRED A., President & Gencral 
Manager, Indiana & Michigan Elec- 
tric Co., 220 Colfax Ave., South 
Bend, Ind. 

Hissink, J. W., Member of Board of 
Directors, | Bergmann-Elektricitats- 
werke Aktiengesellschaft; res., Kai- 
serdamm 30, Berlin W., Germany. 

Нотѕом, A. D., Senior Member, Hot- 
son & Gillies, Vancouver, B. C. 

KENNEDY, WILLIAM P., Consulting En- 
gincer, 1790 Broadway; res., Hotel 
Flanders, 135 W. 47th St., New York, 
N. Y. 

PETICOLAS, SHERMAN G., Consulting 
Electrical & Mechanical Engineer, 
Suite 209-15 Woodmen of the World 
Bldg., Omaha, Nebr- 

PRITCHARD, SAMUEL REYNOLDS, Pro- 
fessor of Electrical Engineering, Vir- 
ginia Polytechnic Institute, Blacks- 
burg, Va. 

WHITEHEAD, RICHARD HENRY, Test- 
ing Engineer, Isthmian Canal Com- 
mission, Pedro Miguel, C. Z. 


Total 8. 
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Associates Elected December Бүр, H. W., Superintendent of 


12, 1918 


ALDEN, FREDERICK ARTHUR, Assistant 
Mechanical Superintendent, Wm. 
Filene’s Sons Co., Boston; res., 60 
Gorham St., Cambridge, Mass. 

BAKER, GEORGE MILFORD, Engineer, 
Power & Mining Engincering Dept., 
General Electric Co., Schenectady, 
N. Y. 

BARTON, LOWRIE CHILDS, JR., Sales- 
man, Westinghouse Electric & Man- 
ufacturing Co., Cincinnati, Ohio. 

Bird, Vicco E., Manager, Connecticut 
Power Со., 33 Union St, New 
London, Conn. 

BLYTHE, W. E., Engineer Salesman, 
Crocker-Wheeler Со.) res, The 
Lcavenworth Apts., 615 James St., 
Syracuse, N. Y. 

ВоѕЕ, SURENDRA NATH, Electrical En- 
gineer, Bombay, India. 

BoTTINELLI, M. J., Electrical Foreman, 
Bunker Hil & Sulivan Mining & 
Con. Co., Kellogg, Idaho. 

Cassipy, PERRY ROGAN, Instructor in 
Thermodynamics and Power Plant 
Design, State University of Ken- 
tucky, Mechanical Hall, Lexington, Ky. 

CHAKRAVARTI, P. C., Student Demon- 
strator, Indian Institute of Science, 
Bangalore, India. 

CHARLAND, Jos, General Foreman, 
Canadian Copper Co., Copper Cliff, 
Ont. | 

Comins, EpwaRp Ікуіхс, Electrical 
Department, Worcester Polytechnic 
Institute; res., 12 Hawthorn St., 
Worcester, Mass. 

CRIPPEN, CHARLES IVAN, Supcrintend- 
ent Light & Power, Brooke Electric 
Co., 611-16 German Bank Bldg., 
Wheeling, W. Va. 

Dainty, W. REGINALD, Electrical En- 
gincer, Union Electric Co. Ltd., 
Johannesburg, S. Africa. 

Davai, S. N., Electrician, College of 
Engineering: ІР Mam St., 
Poona, India. 
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DrBars, CHARLES J., Construction 
Engineer, Seymour Power Co., Belle- 
ville, Ont. 


Construction, Western Canada Power 
Co. Ltd., Stave Falls; res., Ruskin, 
B. C. 

FOLLANSBEE, J. A., Erecting & Con- 
struction Engineer, Canadian Copper 
Co., Copper Cliff, Ont. 

FRIDEN, Victor E., Switchboard En- 
gincering Dept., General Electric Co.; 
rcs., 170 McClellan St., Schenectady, 
N. Y. | 

GILLER, FREDERICK STANLEY, Assistant 
Plant Enginecr, European Organ- 
ization, Western Electric Co., North 
Woolwich, London, England. 

Happaway, THOMAS S., Engineering 
Draftsman, Union Electric Light 
& Power Co., St. Louis; res., 322 
Clark Ave., Webster Groves, Mo. 

HART, ALBERT D., Engineer, Westing- 
house Electrice & Mfg. Co., E. Pitts- 
burgh; res., 841 Holland Ave., Wil- 
kinsburgh, Pa. 

HERRLICH, HERMANN W., Engineer, 
General Electric Co., Schenectady; 
res., 143 Riverside Ave., Scotia, N. Y. 

HOFFMANN, CHARLES BARTH, Assist- 
ant in Electrical Engincering, Har- 
vard University, Cambridge, Mass. 

Ношкү, Вовект C., Power Salesman, 
Georgia Railway & Power Co., 
Atlanta, Ga. 

Horton, W. H., JR., Sales Engineer, 
General Electric Co., Denver, Colo. 

JOHNSON, WILLIAM F., Instructor of 
Electrical Engineering, University of 
Pennsylvania, Philadelphia, Ра. 

KELLEY, WALTER L., Student at Tufts 
College Electrical Engineering School; 
res., 30 Cleveland St., Arlington, 
Mass. | 

Ккіл.осс, W. D., Sales Engineer, In- 
dustrial Power Dept., Consolidated 
Gas, Electric Light & Power Co.; res., 
1401 Linden Ave., Baltimore, Md. 

LANGAN, T. R., Sales Department, 
Westinghouse Electric & Manufact- 
uring Co, 121 E. Baltimore St., 
Baltimore, М4. 

MANYPENNY, JOSEPH P., President & 
Manager, Engineering Equipment 
Co., 1011 Chestnut St., Philadelphia, 
Pa. 
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MCCLELLAN, W. D., Engineer, Beaver 
River Power Co., Casper, Wyo. 

NICGEEHAN, Cuas. A., Instructor, Vil- 
lanova College, Villanova, Pa. 

McNeaL, R. L., Consulting Engineer- 
ing Dept., General Electric Co.; res., 
23 Westminster St., Pittsfield, Mass. 

MELVIN, Howarp L., Instructor in Elec- 
trical Engineering, State College of 
Washington; res., 312 Howard St., 
Pullman, Wash. 

MERRIHEW, ERNEST H., Chief Elec- 
{псїап, Brunet Falls Mfg. Co., 
Cornell, Wis. 

NICHOLS, HAROLD WILLIAM, Assistant 
Professor Electrical Engineering, Ar- 
mour Institute of Technology, Chi- 
cago, Ill. 

OPPENHEIM, BEN J., Designing Elec- 
trical Enginecr, American Engine & 
Electric Co., Bound Brook, N. J. 

Perry, E. R., Draftsman, Puget 
Sound Traction, Light & Power Co.; 
res., Waldorf Hotel, 7th & Pike St., 
Seattle, Wash. 

Рісотт, REGINALD J. S., Mechanical 
Constructior Engineer, Interborough 
Rapid Transit Co., 600 W. 59th St., 
New York, N. Y. 

POWELL, ALVIN LESLIE, Assistant in 
Illuminating Enginecring, General 
Electric Co., Harrison; res., 241 N. 
lith St., Newark, N. J. 

Ross, Davin, JR., Electrical Engincer- 
ing Dept., Toronto Power Co., 
10 Adelaide St. East, Toronto, Ont. 

SCHOLER, ALBERT GEORGE, Chief Test- 
er, Edison Storage Battery Co., 
Orange, N. J. 

SHIRLEY, ERNEST ROXFORD, Electrical 
Superintendent, Canadian Explor- 
ation Co., Ltd., Naughton, Ontario. 

SIMPSON, CLAUDE W., Insurance En- 
gineer, Marsh & McLennan, Room 
2037, 175 W. Jackson Blvd., Chicago, 
Ill. 

STAEGEMANN, EUGENE, Designer of 
Dynamos, Knapp Electrical Co., 
New York; res., Suffern, Rockland 
Co., N. Y. 

STAFFORD, HaRRY E., Construction 
Engineer, Canadian General Electric 
Co., Port Arthur, Ont. 
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STAPLES, ROBERT TYLER, Telephone 
Enginecr, Western Electric Co.,463 
West St., New York, N. Y. 

TOUCHE, ARTHUR STANLEY, Common- 
wealth Edison Co., 120 W. Adams St., 
Chicago, Ill. 

TRAYNOR, PETER W., Electrical Engi- 
neer, Davis Coal & Coke Co., Thomas, 
W. Va. 

Trust, HuMPHREY G., Electrical En- 
gineer, Companhia Sul-American de 
Electricdade, Caixa de Correio 1138, 
Rio de Janeiro, Brazil. 

Watts, EGBERT M., Assistant Elcc- 
trical Engineer, Montreal Tunnel & 


Terminal Construction Co.; res., 
357 Esplanade Ave., Montreal, 
Quebec. 


WuiteE, Lko A., Electrical Superintend- 
ent, Muskogee Gas & Electric Co., 
Muskogee, Okla. 

WILDER, WILLIAM J., Assistant Super- 
intendent, Electrical Construction, 
Crocker-Wheeler Co., Ampere; res., 
384 N. Grove St., East Orange, N. J. 

Woura, Har Das, Student in Elec- 
trical Engineering, State University 
of Arkansas; res., 200 W. Dixon St., 
Fayetteville, Ark. 

YOSHIMI, SEIICHI, Electrical Engineer, 


Inawashiro Hydro-Electric Power 
Co., Marunouchi, Tokyo, Japan. 
Total 55. 


Applications for Election 


Applications have been received by 
the Secretary from the following candi- 
dates for election to membership in the 
Institute. Unless otherwise indicated 
the applicant has applied for admission 
as an Associate. If the applicant has 
applied for direct admission to a higher 
grade than Associate, the grade follows 
immediately after the name. Any 
member objecting to the election of any 
of these candidates should so inform 
the Secretary before January 30, 1914. 
Allen, L. W., Spokane, Wash. 
Anderson, A. R., Columbus, Ohio. 
Armstrong, R. S., Chicago, Ill. 
Atwood, E. H., Olean, N. Y. 
Bartlett, C. C., Corona, Cal. 
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Beck, W. H., Baltimore, Md. 

Black, C. D., Pittsfield, Mass. 

Bonvouloir, L., Boston, Mass. 

Bopp, C. D., Chicago, Ill. 

Brackett, H. H., New York, N. Y. 

Brewbaker, M. W., Gatun, C. Z. 

Bucholz, C. D., Philadelphia, Pa. 

Burgoon, C. E., Washington, D. C. 

Burnham, G. B., San Francisco, Cal. 

Burrows, C. W. (Member), Washington, 
D. C. 

Carolan, E.A. (Member), New York,N.Y. 

Carr, E. C., Seattle, Wash. 

Chernyshoff, A., St. Petersburg, Russia 

Clement, M. F., New Rochelle, N. Y. 

Crawford, D. K., Topeka, Kans. 

Dietrich, F. W., Eugene, Ore. 

Dyer, W. H., Billings, Mont. 

Dyer, A. B., San Miguel Allende, Mex. 

Eby, E. E., E. Pittsburgh, Pa. 

Embree, C. J., Culebra, C. Z. 

Fawcett, C. D., Philadelphia, Pa. 

Fenley, W. H., Cristobal, C. Z. 

Flowers,J.B. (Member), NewYork,N.Y. 

Galbraith, F. E., New York, N. Y. 

Garthorne, G. E., San Francisco, Cal. 

Gfrorer, A.H., West New Brighton, М.Ү. 

Giles, G. S., Philadelphia, Pa. 

Goetz, W. W., Philadelphia, Pa. 

Hastings, R., Boston, Mass. 

Heath, H. T., East Pittsburgh, Pa. 

Horton, B. D., Detroit, Mich. 

James, H., Bluefield, W. Va. 

Jensen, J. O., Los Gatos, Cal. 

Jeter, F. A., Spokane, Wash. 

jones, F. S., Orono, Maine. 

Johnston, A. L., Plymouth, Pa. 

Kaylor, P. P., Bellingham, Wash. 

Kegerreis, R., Philadelphia, Pa. 

Khopp, J. B., Schenectady, N. Y. 

Kingsland, R. L. (Member), Fairmont, 
W. Va. | 

Kinsman, R. E., New York, N. Y. 

Kriegsmann, A. E., Schenectady, N. Y. 

Krone, R. H., Norwood, Ohio. 

Kuehne, J. H., Buffalo, N. Y. 

Kunkel, C. D., Spokane, Wash. 

Kurtz, F. W., Henry Clay, Del. 

Kyes, L. C., Gatun, Panama. 

Larsen, C. J., Hazleton, Pa. 

Lightbody, J. N., Calgary, Alta. 

Lowe, H. L. (Member), St. Louis, Mo. 

MacM urchy, H. G., Toronto, Ont. 
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Martin, W. H., New York, N. Y. 
McClellan, L. N., Phoenix, Ariz. 
McGuire, W. P., Chicago, Ill. 
Meyerherm, C. F., Hoboken, N. J. 
Myrick,J.C.(Member), PedroMiguel,C.Z 
Nims, S. A., Concord, N. H. 
Nolte, R. W., Mira Flores, C. Z. 
Overocker, R. H., New York, N. Y. 
Parker, R. I., Schenectady, N. Y. 
Parsons, D. E., Pittsburgh, Pa. 
Pearson, G. A., Ampere, N. J. 
Powers,A. R. (Member), Potsdam, N.Y. 
Richey, A. L., New York, N. Y. 
Sams, F. V., Milwaukce, Wis. 
Schuman, E. S., Cambridge, Mass. 
Scriven, E. O., New York, N. Y. 
Simonson, G. M., Sacramento, Cal. 
Smith, D. L., Chicago, Ill. 
Stair, J. S., Jr., E. Pittsburgh, Pa. 
Stalker, J. W., St. Boniface, Man. 
Stern, M. R., Chattanooga, Tenn. 
Stewart, C. R., Pittsfield, Mass. 
Swenson, T., Jr., St. Paul, Minn. 
Taylor, H. V. S., E. Pittsburgh, Pa. 
Town, T., Rapid City, Manitoba. 
Van Norman, C. P., Toronto, Ont. 
Vosmaer, А. (Member),eBrooklyn, N. Y. 
Walker, J. P., Atlanta, Ga. 
Walter, R. E., Waterloo, Ia. 
Washburn, F. S., Nashville, Tenn. 
Wenk, M., Stockton, Calif. 
Wilhams, R., Palmerton, Pa. 
Wirt, C., Germantown, Phila., Pa. 
Yabe, T., Osaka, Japan. 
Ziehn, R. S., Chicago, Ill. 

Total 91. 


Students Enrolled December 
12, 1918 


6142 MceLay, A. D., Univ. of Michigan. 
6143 Norton, J. R., Univ. of Michigan. 
6144 Rogers,F.E.,Jr.,StevensInst. Tech. 
6145 Baxter, H.C.,Swarthmore College. 
6146 Bridge, E. H., Ohio North. Univ. 

6147 Asire, H.W., Purdue University. 
6148 Howerton, J., Purduc University. 
6149 Bryan, F. A., Jr., Purdue Univ. 
6150 Moore, C. L., Purdue University. 
6151 Thomas, E.M.,Purdue University. 
6152 Rigg, R. H., Purdue University. 
6153 Norton, O.P., Purdue University. 
6154 Carter, E.L., Purdue University. 
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6155 Pyke, D. C., Purdue University. 
6156 Ely, G. B., Purdue University. 
6157 Mitchell, D. C., Purdue Univ. 
6158 Davison, А.С., Purdue University. 
6159 Magley, A.J., Purdue University. 
6160 Beal, H.C., Purdue University. 
6162 Gibbon, C.O., Purdue University. 
6163 Miessner, B.F., Purdue Univ. 
6164 Beyer, J.W., Wash. State Coll. 
6165 Halle, S., Cornell University. 
6166 Gooch, E. P., Cornell University. 
6167 Goldman, B.P. Cornell University. 
6168 Gibson, W.A., Cornell University. 
6169 Fry, J. R., Cornell University. 
6170 Strect, L.N., Syracuse University. 
6171 Cooper, S. M.,Syracuse University. 
6172 Nolte, A.C., Columbia University. 
.6173 Mullen, F. B., Columbia Univ. 
6174 Huxley, R.D., Mass. Inst. Tech. 
6175 Nash, J.F., A.&M. Coll. of Texas. 
6176 Lockett, W.C.,A.&M. Coll. Texas. 
6177 Kristek, G.H.,A.&M. Coll. Texas. 
6178 Jones, W.T., A.& M. Coll. of Texas. 
6179 Richtmyer, L.D.,Wentworth Inst. 
6180 Peterson, L. W., Wentworth Inst. 
6181 Cooksey, D., Yale University. 
6182 Hodgkins, H.C., Univ. of Maine. 
6183 Dunn, G.C.,University of Kansas. 
6184 Spurgeon, J. H.,Univ. of Missouri. 
6185 Thompson, R.G.,Univ.of Missouri. 
6186 Crump, L. L., Univ. of Missouri. 
6187 Anderson, F.W.,Univ. of Missouri. 
6188 Brehman,L.W., Ohio North. Univ. 
6189 Chapman, F.E., Univ. of Maine. 
6190 Davis, W.K., A. & M.Coll. of Texas. 
6191 Groginski, P., A.&M.Coll. of Texas. 
6192 Levy,D.H., A.&M.Coll. of Texas. 
6193 Pickens,D.B., A.&M. Coll. Texas. 
6194 Scrames, G.G., Univ. of Michigan. 
6195 Rogers, C.M.,Univ. of Michigan. 
6196 Lester, C. B., Univ of Michigan. 
6197 Cutler, H. D., Univ. of Michigan. 
6198 Harding, B., Univ. of Michigan. 
6199 Park, C.S., Univ. of Michigan. 
6200 Weilbacher, W.C., Univ. of Mich. 
6201 Conklin, H.S., Jr., Lafayette Coll. 
6202 Parker, K., Univ. of Illinois. 
6203 Irwin, V.H., Univ. of Minnesota. 
6204 Mann, R. F., Case School App.Sci. 
6205 Eghiyan, E.S., Union College. 
6206 Markham, A.J.,StevensInst.Tech. 
6207 Anderson, E. H., Union College. 
6208 Hausmann,V.F.,CaseSch.App.Sci. 
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6209 Strathy, R. L. A., McGill Univ. 
6210 Lahrmann, C.,Colorado State Col. 
6211 Isley, P. T., Purdue University. 
6212 Gamble, L. R., Purdue University. 
6213 Henline, H.H., University of Ill. 
6214 Morse, V. F., Throop Poly. Inst. 
6215 Jansen, P.C., Iowa State College. 
6216 Anderson, E. G., Iowa State Coll. 
6217 Scarborough, H. A.,.IowaState Coll. 
6218 Holmes, W. M., Throop Polv. Inst. 
6219 Rogers, C. T.,Swarthmore College. 
6220 Murdock, P. F., Yale University. 
6221 Metzner,M.W.,CaseSch. App. Sci. 
60222 Berry, E.H.,University of Illinois. 
6223 Donahoe, J. T., University of Ill. 
6224 Burnett, W m.,Jr., Univ. of Illinois. 
6225 Scott, E.S., University of Illinois, 


Past Section Meetings 


—— 


BALTIMORE 

The November meeting of the Balti- 
more Section was a dinner held at the 
City Club, on the evening of the 21st. 
The subject for discussion was: '' En- 
gineering Education, with Special Refer- 
ence to the New Department at Johns 
Hopkins." Professor J. B. Whitehead, 
chairman, introduced the subject, fol- 
lowed by Mr. J. B. Scott, Prof. C. J. 
Tilden, Prof. C. C. Thomas, Prof. S. N. 
Taylor, Mr. A. S. Loizeaux and Mr. 
J. C. Distler. 

Particular emphasis was laid by the 
speakers on a training which teaches 
a man to think rather than a too- 
specialized training in a particular 
line of engineering. The importance 
of ability to express one's self clearly 
and concisely, not only in written 
language but also in diagrams and other 
modes of expression, was emphasized. 

All those taking part in the discussion 
agreed as to the need of a broad training 
including the study of English and a 
general cultural education to enable 
the engincer to hold his own with the 
cultured man, the lawyer, the financier 
or the business man, and thus make 
the most of his life. 

Twenty-seven members and guests 
were present. 
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BosTON 

The Boston Section of the Institute 
participated in a joint meeting on 
November 19 in Tremont Temple with 
the Boston Sections of the American 
Society of Civil Engineers and the 
American Society of Mechanical En- 
gineers. Mr. James W. Rollins, presi- 
dent of the Boston Society of Civil 
Engineers, presided, and there was an 
attendance of 50 at the meeting. 

A paper was presented by Mr. John 
W. Alford, of Chicago, on “ Engineering 
Lessons from the Ohio Floods.” 


CHICAGO 

A meeting of the Chicago Section of 
the A. I. E. E. and the Electrical Section 
of the Western Society of Engineers was 
held in Fullerton Hall on Wednesday 
evening, October 29. Пт, С.Р. Stein- 
metz presented a paper entitled Insta- 
bility of Electric Circuits, which is 
printed in Section II of this issue of 
the PROCEEDINGS. About 430 mem- 
bers and guests were present at this 
meeting. 

CLEVELAND 

A meeting of the Cleveland Section 
was held on December 1, at the plant 
of the Wellman-Seaver-Morgan Com- 
pany, and Mr. H. L. Wallau presided. 
Mr. Charles W. Larner of the Wellman- 
Seaver-Morgan Company presented a 
paper entitled “ The Keokuk, lowa, 
Hydroelectric Plant of the Mississippi 
River Power Company." Тһе paper 
was illustrated with lantern slides. 

'The total attendance was 73. 


INDIANAPOLIS-LAFAYETTE 

The first meeting of the Indianapolis- 
LaFayette Section held at LaFayette 
this year was held on November 11, in 
the lecture room of the Electrical En- 
gineering Building at Purdue Uni- 
versity. The Purdue University Branch 
of the A. I. E. E. joined with the Section 
in this meeting. | 

Professor C. Francis Harding of 
Purdue University presided, and the 
total attendance was 83. Mr. Guy M. 
Laird addressed the mecting on “ Some 


Observations and Problems Connected 
with Electrical Power Supply to Mines 
and Smelters." The speaker discussed 
the uses of electricity in mines and 
smelters and the many problems con- 
nected with the generation, trans- 
mission, and utilization of electrical 
energy for this work. 

The desirability of continuity of 
service was emphasized. А ten-minute 
shut-down of the blower motors con- 
nected with a smelting furnace will 
interrupt the output of the furnace for 
twenty-four hours. Lightning and snow 
slides are common causes of interrup- 
tion of service. Lightning alone has 
caused as many as seventeen inter- 
ruptions in one month. The speaker 
pointed out the use of graphic meters 
in checking the power demands on the 
various machines and the efficiency of 
the men in handling the machines. 
The problems connected with the hand- 
ling of men were also discussed at some 
length. 


The next monthly meeting of the Sec- 
tion was held on December 5 at the 
Indianapolis Chamber of Commerce, and 
there were present as special guests a 
number of the local members of the 
American Chemical Society. Chairman 
O. S. More presided, and the total 
attendance was 70. 

Mr. Richard Fleming, manager of 
the Fairbanks-Morse Electrical Manu- 
facturing Company, gave a talk on the 
subject of “ Applications of Electro- 
chemistry to Industry,” and considered 
both electrolytic actions in solutions 
and chemical actions in the electric 
furnace. Mr. Fleming traced briefly 
the electrochemical processes used in 
the obtaining from the native ores and 
in the refining of aluminum, copper, 
gold, silver, steel and iron, silicon, lead, 
nickel, zinc, graphite, sodium, and 
phosphorus, those used in the com- 
mercial manufacture of calcium carbide, 
artificial nitrogenous fertilizers, car- 
borundum, and ammonia, and those 
used in commercial electroplating, in- 
cluding galvanizing, electrotyping, and 
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the preparation of phonograph records. 
Mr. Fleming also referred briefly to 
Moissan's work in connection with the 
artificial diamond and to the efforts 
which have been made to obtain 
diamonds on a larger scale. 

Following the talk there was an ex- 
tended discussior® in which members 
of both the Institute and the American 
Chemical Society freely participated. 


Los ANGELES 

The Los AngelesSection helditsregular 
monthly meeting on November 24, in 
the Music Hall, Blanchard Building. 
Chairman E. R. Northmore presided. 

A paper entitled '" Electricity and the 
Fire Hazard," was presented by Mr. 
J. H. Montgomery, dealing with the 
National Code rules and the hazards 
from the use of electricity. The paper 
was illustrated. 

The paper proved to be of great 
interest and brought out considerable 
discussion as to the manner in which 
all men connected with the electrical 
business could reduce the fire hazard 
by cooperation. 

The total attendance at this meeting 
was 67. 

LYNN 

The Lynn Section held a meeting on 
November 28, in Burdett Hall. The 
speaker of the evening was Mr. D. L. 
Galusha, engineer of electrical installa- 
tion of the Keokuk development for 
the Stone and Webster Corporation, 
who took for the subject of his lecture 
“The Hydroelectric Pee ent at 
Keokuk, Iowa." 

With the aid of a jarge number of 
lantern slides Mr. Galusha made clear 
to his audience that the plant at 
Keokuk, which is the largest water- 
power development in the world, was 
. installed in the face of the greatest 
difficulties imaginable. The Keokuk 
power plant is located on the Mississippi 
River, some thousand miles above its 
mouth, near the boundaries of Iowa, 
Missouri and Illinois, and at a point 
about the center of the United States. 
At this point the conditions permit of 
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developing something like 200,000 h.p. 
The entire cost of the plant from the 
beginning to its final construction is 
estimated to be in the neighborhood of 
$25,000,000. In many features the 
work necessary was much on the scale 
of the work that has been done on the 
Panama Canal, and Mr. Galusha de- 
scribed in detail the construction of the 
dam across the river, where the currents 
were very strong, and the construction 
of the plant itself, intended to supply 
the city of St. Louis with all the power 
needed. Active construction of the 
dam was commenced in the spring of 
1911, and the entire structure was com- 
pleted іп May, 1913. As the result of 
the construction of the dam and the 
holding back of the waters of the river 
at this point, a lake was formed 65 miles 
long and ranging in width from one to 
two miles. 

The transmission system consists at 
present of two 110,000-volt circuits 
south to St. Louis, two 11,000-volt 
circuits north to Burlington and four 
11,000-volt circuits to points near the 
plant. 

The subject for this meeting aroused 
great interest among the members of 
the Lynn Section, which was evidenced 
by the record-breaking attendance of 
427. Chairman E. R. Berry presided 
and introduced Mr. Galusha. 


Mr. J. A. Orange of the General 
Electric research laboratory at Schenec- 
tady, N. Y., addressed the next meeting 
of the Lynn Section, on December 3, 
on the subject of “ Gas-Filled Tungsten 
Lamps." Professor Elihu Thomson 
introduced Mr. Orange to the meeting, 


first giving а short history of the 


development of the incandescent lamp 
from the time of the first experiments 
with the carbon lamp in the 70's to the 
present highly efficient tungsten fila- 
ment lamps. 

Professor Thomson explained the 
work of Dr. Coolidge, whereby the 
tungsten metal, which was exceedingly 
brittle, was rendered extremely ductile 
and capable of being drawn to a fine 
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wire. He cited instances where single 
lengths of 16,000 feet had been drawn 
without breaking. In the past the 
vacuum lamp has been the common 
article of commerce, but the time has 
now arrived when the introduction of 
gas, nitrogen or ether bids fair to revolu- 
tionize the lamp industry. 

Mr. Orange began his address by 
stating that the value of lamps was 
measured by three conditions—efh- 
ciency, watts per candle and life. 
Lamps should be renewed when the 
candle power drops to 80 per cent of 
the normal output. The cost of run- 
ning a lamp which has fallen off 20 
per cent in output, still remains the 
same as when first put in service; this, 
of course, is not good business. In- 
vestigation disclosed the fact that in 
general the failure of tungsten lamps 
was caused either by the breakage of 
the filaments or by the blackening of 
the bulb. The breakage of the fila- 
ments in the early days was a serious 
factor, but at present the wire is so 
strong and ductile that a blow is more 
Hkely to break the glass bulb than the 
filament. 

The hfe of the lamps is now practic- 
ally determined by the length of time 
required for the blackening of the bulb 
sufficiently to cut down the light so 
that the output is only 80 per cent 
of its original value. The real cause of 
the blackening of the bulb has been 
proved to be evaporation of the fila- 
ment due to its high temperature. 
The minute particles of tungsten are 
projected against the glass and this is 
rendered casier on account of the fact 
that the filament is placed in a vacuum 
and that there are practically no gas 
molecules to retard the flight of these 
particles. 

This discovery led to the attempts 
to introduce various gases into the bulb, 
which would tend to retard the pro- 
jection of these particles. Another 
method has been the changing of the 
location of the deposit by means of 
convection currents іп gascs so that the 
bulb opposite the filament is not black- 


ened, but the deposit being located at 
a point above, the illumination is not 
affected to any great degree. 

Mr. Orange exhibited, in operation, 
several types of the new lamps, and the 
brilliance of the light was a revelation 
to the electrical engineers present. He 
also showed one of th& new lamps de- 
signed to show davlight color. After 
his lecture, Mr. Orange answered 
questions and discussed technical points 
with the engineers present. 

Chairman Berry presided at this 
mecting, at which the attendance was 
318. 

MEXICO 

Members of the Mexico Section, and 
their guests, to the number of 26, held a 
dinner meeting at Sylvain's Restaurant 
on November 28. Instead of having a 
technical paper presented, an experience 
meeting was held. Many of the en- 
gineers described unusual and humorous 
experiences they had met with in elec- 
trical work in various parts of the globe, 
and this program proved to be of great 
interest. Chairman Norman Rowe pre- 
sided. 


MINNESOTA 

The regular monthly meeting of the 
Minnesota Section was hcld in the Ryan 
Hotel, St. Paul, on Monday evening, 
November 17. The meeting was pre- 
ceded by the customary dinner, there 
being 24 members and guests present. 

At the eight o’clock session 35 mem- 
bers and visitors were present. The 
mecting was opened by Chairman W. T. 
Ryan, who introduced the first speaker, 
Mr. John Pearson, of the St. Croix 
Water Power Company. 

Mr. Pearson, with the aid of the 
stereopticon, gave a detailed descrip- 
tion of a waterwheel governor of his 
own invention. This governor is elec- 
trical in its operation and contains a 
number of novel features, among which 
are so-called ‘ floating primary con- 
tactors," and а self-adjusting, com- 
pensating regulator. With this gov- 
ernor the most delicate regulation is 
possible and racing is prevented. Simple 
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mcans of adjusting are provided to 
accommodate various loads. 

The next speaker, Professor George 
D. Shepardson of the University of 
Minnesota, discussed “ Resistance of 
Ground Connections,” bringing out a 
number of interesting points. It was 
shown that the ground resistance is 
practically constant beyond 100 radii 
of the ground plate on a spherical basis. 
It was also shown that the nature of 
the soil is not as important as has been 
believed, but that much more depends 
upon the degree of compactness of the 
soil in contact with the ground plate. 

The effect of polarization, as well as 
aging, was discussed by Mr. L. D. 
Stenger, and local or surface grounds 
by Mr. Dustin. A general discussion 
followed. 

PHILADELPHIA 

The 94th meeting of the Philadelphia 
Section of the A. I. E. E. was held in 
conjunction with the Philadelphia Sec- 
tion of the Illuminating Engineering 
Society, at, the Engineers’ Club, оп 
December 8. Messrs A. R. Cheyney and 
G. A. Hoadley were the presiding officers. 

The papers of the evening were: 
“ Railway Car Lighting,” by G. E. 
Hulse; '' Brightness Measurements vs. 
Illumination Measurements," by Her- 
bert E. Ives, Ph.D.; and “ The Mercury 
Vapor Quartz Lamp," by M. B. Buck- 
man. The discussion which followed 
the reading of the papers was partici- 
pated in by Messrs. Porter, Bond, 
Goodwin, Hoadley, Hering, Serrell, 
Ives, Hulse and Buckman. 

An exhibition of the mercury vapor 
quartz lamp had been arranged, and 
Mr. Calvert of the Illuminating En- 
gineering Society showed a new fixture, 
arranged to give what was stated to be 
the equivalent of daylight. He had 
also set up an apparatus for the steril- 
ization of water by means of the mer- 
cury vapor arc, which was shown and 
described by Mr. Stillwell. 


PORTLAND, ORE. 
The Portland Sections of the American 
Institute of Electrical Engincers and the 
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National Electric Light Association 
held a meeting on December 2, in the 
assembly hall of the Hawthorne Build- 
ing. Mr. E. A. West, chairman of the 
N. E. L. A. Section, presided. The 
total attendance was 130. 

Mr. O. B. Coldwell, superinterfdent 
of light and power of the Portland Rail- 
way, Light and Power Company, read a 
paper entitled "Regulative Measures 
Affecting Public Utilities.” . 

After the meeting was adjourned the 
members enjoyed an entertainment. 
Refreshments were provided. 


ST. Louis 

On October 22, the 84th mecting of 
the St. Louis Section was held in one cf 
the private dining-rooms of the Ameri- 
can Hotel. Following the regular cus- 
tom of the Section for the opening 
meeting of each season, this one com- 
bined a dinner and social hour with such 
business as was due to come before the 
Section. 

The main business of the evening was 
a detailed account of what took place 
at the recent convention at Coopers- 
town, given by Chairman F. J. Bulli- 
vant. 

During the hour following the dinner 
Mr. Val A. Fynn gave an interesting 
account of some recent European in- 
stallations scen by him during his trip 
of the past summer. 

At this meeting the members learned 
with much regret of the death of Asso- 
ciate John A. Kraeuchi, on Sunday, 
October 19, following a brief illness. 
A special committee was appointed to 


draft resolutions to be spread upon the 


Section’s minutes and transmitted to 

the family of the deceased. 
The total attendance was 18. 

man F. J. Bullivant presided. 


Chair- 


The eighty-fifth meeting of the 
Section was held Nov. 12, at the rooms 
of the Engineers’ Club of St. Louis. 
This was a joint mecting with the 
Associated Engineering Societies of 
St. Louis, held under the auspices of 
the St. Louis Section of the A. I. E. E. 
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At these joint meetings it is the cus- 
tom of this Section to dispense with 
executive business, and on this occasion 
Chairman F. J. Bullivant, who-presided, 
at once introduced Professor Morgan 
Brooks, of the University of Illinois. 

Under the title “ Effective Illumina- 
tion of Interiors ” those present heard 
Professor Brooks deliver a very in- 
structive paper, of general as well as 
technical interest, relating to modern 
methods of interior lighting. The re- 
markable efficiency of the nitrogen- 
filled tungsten lamp was illustrated 
through a comparison of a 1000-watt 
nitrogen-filled lamp with the standard 
tungsten lamps in use in the Engineers' 
Club rooms. The tendency toward 
better illumination rather than cheaper 
illumination was touched upon as one 
of the results not universally expected 
to follow the introduction of the higher 
efficiency lamps. 

The nomenclature of photometry, 
with reference to the present looseness 
of definitions, received attention, and 
certain improvements were suggested. 
Professor Brooks dwelt more espe- 
cially, however, upon the lighting of 
interiors, pointing out general prin- 
ciples whereby practical as well as 
artistic lighting is obtainable. The 
direct, indirect and semi-indirect meth- 
ods have their individual fields of use- 
fulness. Artistic effects arranged by 
the architect are frequently augmented 
by correct illumination, but are too often 
through hyhting. 

Members and guests participated in 
the gencral discussion that followed. 
The total attendance was 77. 


subdued Incorrect 


SAN FRANCISCO 

The November meeting of the San 
Francisco Section. was postponed to 
December 5, at which time Mr. R. W. 
Van Norden gave a very interesting 
and instructive paper on the Pacific 
Gas and Electric Company's Drum 
development in the Sierra Mountains, 
with reference particularly to the eco- 
nomic conditions governing the en- 
gineering design. 
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The mecting was held in Native Sons 
Hall, and the total attendance was 86. 
Chairman A. H. Griswold presided. 


SCHENECTADY 

The Schenectady Section held a dis- 
cussion meeting on November 18, 1n 
the Edison Club Hall, at which the 
total attendance was 350. Chairman 
George H. Hill presided. 

The principal subject for discussion 
was '' The Butte, Anaconda and Pacific 
2400-volt Electrification,” and the prin- 
cipal speakers were Messrs. G. H. Hill, 
A. H. Armstrong, J. J. Linebaugh, R. 
Stearns, S. T. Dodd and C. J. Hixson. 
Many lantern slides were shown, and 
moving pictures of the Butte, Ana- 
conda and Pacific Railway and of 
Montana mining and smelter scenes. 


SEATTLE 

The Seattle Section held a meeting 
on November 18, in the Chamber of 
Commerce. Chairman J. D. Ross 
presided, and the total attendance was 
41. 

As this was the annual business 
meeting, the secretary made his finan- 
cial report, and the members then pro- 
ceeded to the election of officers for 
the year, to take office at the January 
meeting. Mr. S. C. Lindsay was 
elected chairman and Mr. E. A. Loew 
secretary. 

Mr. Lindsay presented the paper of 
the evening, entitled “The Use of Pro- 
tective Relays on Power. Systems." 

The paper was discussed by Messrs, 
Harisberger, Terrell, Magnusson, Miller, 
Ross and Crawford. | 


TOLEDO 

The meeting of the Toledo Section 
on December 5 was held at the Toledo 
Filtration Plant. 

Chairman George E. Kirk introduced 
the speaker, Mr. Goodwillie, superin- 
tendent and chief chemist of the Toledo 
Filtration Plant. Тһе speaker outlined 
the plant in general by means of a chart 
and described the chemical and mechan- 
ical methods of filtration used at the 
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plant, which has a daily capacity of 
thirty million gallons. After the lec- 
ture and discussion, which was held in 
the laboratory, the rest of the plant was 
visited. The total storage capacity 
of the plant is about twenty million 
gallons. 

A very interesting evening was spent 
and the speaker was kept busy with 
questions and discussions. 

Fifty-four members 
attended the meeting. 


and visitors 


TORONTO 

Members of the Toronto Section 
attended an address by Mr. S. P. 
Brown, chief engineer of the Canadian 
Northern Montreal Tunnel and Term- 
inal Company, on the evening of Nov- ° 
ember 17, at the University of Toronto. 
The meeting in reality was held under 
the auspices of the University of 
Toronto Engineering Alumni Associa- 
tion, but they thoughtfully extended an 
invitation to attend this meeting to 
the members of the Toronto Section, 
which was very gratefully accepted. 

Mr. Brown presented a most interest- 


ing address on the engineering work їп. 


connection with the Montreal tunnel 
and terminal and illustrated his paper 
with a great many lantern slides. 


URBANA 

A meeting of the Urbana Section was 
held on November 10, in the electrical 
engineering laboratory of the University 
of Illinois. Тһе chairman, Professor 
Morgan Brooks, presided, and the total 
attendance was 67. 

Professor Brooks gave a demonstra- 
tion of the new high-efficiency tungsten 
lampand discussed the Institute paper of 
Dr. Langmuir on The Blackening of 
Tungsten Lamps and Methods of Prevent- 
ing It. 

WASHINGTON, D. C. 

The Washington Section held a 
meeting on November 11, in the Chesa- 
peake and Potomac Telephone Building, 
which was attended by 46 members and 
visitors. Chairman Н. C. Eddy pre- 
sided. | 
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A paper was presented by Mr. Nor- 
man Macbeth, editor of The Lighting 
Journal, on “ The Growing Recognition 
of Illumination." Among other things 
he pointed out the important bearing 
of lighting upon values of real estate, 
an effect greatly in excess of the cost 
of the lighting. He also mentioned thc 
new lamps which would reduce this 
cost still further. А number of slides 
were shown to illustrate typical installa- 
tions of both good and bad lighting. 


The next meeting of the Section was 
held on December 9, with a total attend-: 
ance of 53. 

Dr. E. B. Rosa was elected to repre- 
sent the Section as vice-president of 
the Washington Academy of Sciencc. 

Mr. W. J. Eck, electrical engineer of 
the Southern Railway, read a paper on 
“ Railway Block Signaling.” 


Past Branch Meetings 


— 


ARMOUR INSTITUTE OF TECHNOLOGY 

A meeting of the Armour Institute 
of Technology Branch was held on 
October 29. A paper was presented by 
Messrs. M. B. Stecher and C. L. Witzel 
on “A-C. and D-C. Signaling Devices 
Used for Railway Service.” 


At a meeting of the Branch on 
November 12 a paper on “Station 
Grounds” was presented by Mr. A. B. 
Gates, engineer for the Sanitary District 
of Chicago. 


UNIVERSITY OF CALIFORNIA 
The University of California Branch 
held a mecting on November 12, when 
papers on “Storage Batteries’? were 
presented by Messrs. L. F. Moullet and 
G. W. Thernen. 


The next meeting of the Branch was 
held on November 26, when Messrs. 
C. Z. Yost and Guy Barker presented 
a paper on “Illumination.” 

At this meeting the International 
Electrical Congress to be held in San 
Francisco in 1915 was discussed, and 
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it was also decided to have a banquet 
in San Francisco on December 13, 1913, 
and to invite the Stanford University 
Branch to attend. 


UNIVERSITY OF CINCINNATI 
A meeting of the University of 
Cincinnati Branch was held on Novem- 
ber 18. * Mr. C. A. Powell, of the 
Johnson-Kennedy Electric Company, 
presented a paper on ''Incandesceut 
Lamps.” 


At the mecting of the Branch on 
December 9 the speaker was Mr. 
Nelson, city electrician of Cincinnati. 
His subject was “ The Use of Electricity 
by the City." 


CLEMSON COLLEGE 

At the meeting of the Clemson 
College Branch on November 17, two 
of the members, Messrs. H. E. Cham- 
bliss and F. H. McDonald, gave brief 
accounts of their experiences while 
working in the summer for the Public 
Service Corporation of New Jersey. 
Mr. Chambliss spoke particularly of 
transformer installation. Other mem- 
bers of the Branch then presented 
reviews of current electrical journals. 


UNIVERSITY OF COLORADO 

At the meeting of the University of 
Colorado Branch on November 19, 
the speaker was Mr. C. M. Stannard, 
secretary of the Denver Gas and Electric 
Company, and past-president of the 
National Commercial Gas Association. 
His subject was “ Commercial and 
Engineering Problems Confronting the 
Central Station.” Mr. Stannard spoke 
particularly on the methods of training 
men for work on the commercial side of 
a central station company’s activities. 


COLORADO STATE COLLEGE 
A meeting of the Colorado State 
College Branch was held on November 
28. The program consisted of a dis- 
cussion of Mr. Irving Langmuir’s recent 
Institute paper, Tungsten Lamps of 
High Efficiency. The paper was pre- 
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sented by Mr. L. M. Klinefelter, who 
had provided himself with several lamps 
illustrating some of the types discussed. 


HIGHLAND PARK COLLEGE 

At the meeting of the Highland Park 
College Branch on November 14, Mr. 
Harry B. Wallin, of the Towa Telephone 
Company, presented a paper describing 
the automatic ringing, two-party se- 
Iective, “В” board trunking system, 
as used by that company. А large 
drawing had been prepared to show the 
circuits through the necessary eleven 


relays. Mr. Wallin exhibited a relay 
that was wound to 12,000 ohms 
resistance, and another that was a 


so-called ‘‘non-inductive’’ relay through 
which the voice currents must pass, and 
yet be capable of being magnetized. 


IowA STATE COLLEGE 

At the meeting of the Iowa State 
College Branch on November 19, Mr. 
K. E. Kellenberger, superintendent of 
signals for the western division of the 
Northwestern Railroad, spoke on 
“ Present-Day Practise in Electric Rail- 
way Signaling." The lecture was 
profusely illustrated with slides. 


UNIVERSITY OF KANSAS 

At the meeting of the University of 
Kansas Branch on October 22, Mr. 
Ross Parker, '12, now with the General 
Electric Company, read a paper on 
" Recent Dcvelopments by the General 
Electric Company." Professor Shaad 
then gave a talk explaining the’ plan 
and purpose of the student Branch of 
the A. I. E. E. 


At the meeting of the Branch on 
November 5, the speakers were Messrs. 
Brown, Fowler and Washburn, who 
described their work during the past 
summer in connection with the signal 
service of the Santa Fe Railroad. 


Professor Ray Jones was the speaker 
at the meeting on December 3. He 
gave a talk on problems confronting 
the Colorado Power Company of 
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Boulder, Colo. A large number of 
slides was shown, illustrating the points 
discussed. 


LAFAYETTE COLLEGE 

The first meeting of the Lafayette 
College Branch for the season was held 
on October 22. Mr. G. P. Ellis, chair- 
man of the Branch, and Professor Rood, 
gave talks explaining the purpose of the 
organization. Two papers on summer 
vacation work were then presented. 
Mr. R. K. Laros described the methods 
of making motor tests in the testing 
department of the General Electric 
Company at Lynn, and also described 
the student apprentice course conducted 
there. Mr. W. B. Killough described the 
manufacture and testing of special elec- 
tric vehicle motors as carried on by the 


Diehl Company of Elizabethport, N. J. 


At the meeting of the Branch on 
October 29, Mr. J. M. Shimer read а 
paper on the new high-efficiency tung- 
sten lamps and Mr. G. P. Ellis gave a 
paper on the homopolar generator, 
discussing its advantages and short- 
comings. He cited several installations 
and showed how the limitations of 
this type of generator prevent its being 
widely used at present. 


At the next mecting, on November 
5, Mr. H. J. Kerrick presented a paper 
on “Тһе History of Arc Lamps,” 
Mr. H. S. Conklin, Jr., one on “ Types, 
Construction and Use of Fuses,” and 
Mr. M. H. Simmons a paper on “ Elce- 
tric Mine Haulage.” 


At the meeting on November 12, 
two papers were presented, '' Electricity 
in the Beet Sugar Industry," by Mr. 
J. R. Clymer, and “ Modes of Excita- 
tion of A-C. Generators ” by Mr. E. E. 
Smith. Professor Rood also discussed 
the latter subject, pointing out the 
advisability of placing regulators on the 
feeders instead of on the machines. 


On November 19 three papers were 
presented, as follows: “ The Electric 
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Locomotive " by Mr. R. D. McManigal, 
“Electric Block. Signals" by Mr. P. 
M. Lee, and “А New System of Power 
Development and Distribution. for 
Easton, Pennsylvania," by Mr. V. A. 
Davison. 

Three papers were presented at the 
meeting on November 26. Mr. W. H. 
Howell spoke оп “ Competition. in 
the Telephone Business," Мг. H. W. 
Bailey presented a paper on “ Legisla- 
tive Regulation of Wireless Telegraphy,'"' 
and Mr. W. W. Thompson gave a paper 
on ' Wireless Telephony," explaining 
the principles of the Preece ground 
system, the Collins aerial, and the 
Ruhmer photometric system. 


A special meeting of the Branch was 
held on December 2, when two papers 
were presented, “Тһе Aluminum 
Electrolytic Rectifier” by Mr. H. C. 
Mitchell, and *‘ Limiting Transmission 
Voltages " by Mr. F. L. Kolb. 


At the regular mecting on December 
3, Mr. J. W. Magee read a paper on 
“ The Choice of Frequency," Mr. L. C. 
Van Inwegen read a paper on “ Opera- 
tion of City Subways," comparing the 
svstems in New York and Paris, and 
Mr. J. H. Kennedy spoke on “ Elec- 
tricity on the Farm." 


At the meeting of the Branch on 
December 10, Mr. LeRoy Lefferson 
gave a paper on “ High-Tension In- 
sulators.' Professor Rood followed 
with a discussion. on the protective 
grounding devices which have been used 
to protect insulators from lightning. 
“The Advantages of Motor Drive” 
was the title of an abstract by Mr. W. J. 
English, Jr., relating particularly to 
conditions found in machine shops. 
Mr. C. R. Lohman read a paper on 
“ Faraday's Discoveries,” and Mr. R. 5. 
Soles concluded the program with “ The 
Story of the Submarine Cable," de- 
scribing the difficultics met with in the 
laying of the early transatlantic cables. 
Mr. Soles cited statistics showing that 
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at the present time there are 34 com- 
panies, operating altogether 404 cables. 
A general discussion on cable laying 
followed. 


LEHIGH UNIVERSITY 

A meeting of the Lehigh University 
Branch was held on October 23. Mr. 
J. S. Gemmel, '14, presented a paper on 
“ Electrolytic Lightning Arresters,"' de- 
seribing the construction features of 
this type and the method of installation 
and maintenance. Mr. H. R. Lee, '06, 
superintendent of the Electrometal- 
lurgical Company's works at Holcomb 
Rock, Virginia, gave a short talk on 
“ Some Aspects of Electrometallurgy.” 


The next meeting of the Branch was 
held on November 13. The first speaker 
was Mr. G. Forster, '14, who read a 
paper on “ Methods of Synchronizing.” 
He discussed the principles underlying 
the practical use of an alternator as a 
synchronous motor, and the various 
mcans for determining the exact instant 
at which to throw the motor on the line. 

The second speaker was Mr. H. H. 
Smith, chief of the research department 
of the Edison Storage Battery Company 
at Orange, N. J., who gave a short 
account of the development of the 
Edison nickel-iron: storage cell. He 
deseribed how the positive electrode is 
made of tubes of perforated steel ribbon 
and into these tubes finely-flaked nickel 
is pressed. “he negative consists of 
hollow rectangular-shaped pockets also 
made of perforated ribbons of steel and 
filled with spongy metallic iron. The 
tubes and pockets are assembled into 
grids of various sizes, depending upon 
the capacity of battery required. 

Mr. Smith showed various views of 
the cells and also of many severe tests 
to which they were subjected. He 
pointed out the advantages of lightness 
and ruggedness which this type of 
storage battery possesses over the lead 
cell, and said that although 1t is higher 
in first cost the years of service under 
rough conditions of all kinds make it 
the cheaper cell in the long run. 
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UNIVERSITY OF MAINE 
The University of Maine Branch 
held an organization meeting on Dc- 
cember 5, at which the following officers 
were elected: president, C. M. Kelley; 


vice president, P. B. Sheridan; 
secretary, E. L. Getchell; treasurer, 
Mark Pendleton. After discussing 


plans for the work of the year the mcct- 
ing was adjourned. 


UNIVERSITY OF MICHIGAN 

The University of Michigan Branch 
held a meeting on October 23. Mem- 
bership, program and publication com- 
mittces were appointed, and it was 
resolved to meet every two wecks. 
Assistant-Professor A. H. Lovel pre- 
sented a paper on “ The Construction 
of a 110,000-volt Transmission Linc." 
Professor Lovel gave a complete out- 
line of. the construction of the linc, 
from the obtaining of the right-of-way 
to the actual charging of the linc. 
He described novel methods of erecting 
towers in difficult locations and illustra- 
ted the points discussed with many 
lantern slides. The paper was discussed 
by Messrs. Rennie, Dutton, Erley and 
others. 


The next mceting of the Branch was 
held on November 13. Professor H. H. 
Higbic presented a paper on '' Recent 
Developments in Electric Lighting." 


At the next mecting, on December 11, 
the speaker was Professor Sawyer of the 
Michigan Agricultural College, his 
subject being “ Electricity on the Farm.” 


UNIVERSITY OF MISSOURI 

At the mecting of the University of 
Missouri Branch on October 13, Mr. 
P. W. Gumaer made an address on 
“The Action of the  Mercury-Arc 
Rectifier as Explained by the Electron 
Theory.” Mr. Gumaer first stated the 
theory that cathode rays are moving 
electric charges, and then showed by 
experiment that they travel in straight 
lines, and that these paths are deflected 
by a magnetic field. An electrostatic 
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field. will also deflect the rays. The 
clectrostatic force acting on a particle 
depends only on the strength of the 
feld and the amount of the charge, 
whereas the force produced by the 
magnet depends also on the velocity 
of the moving particle. By balancing 
the two effects and knowing the strength 
of the two fields the velocity can be 
calculated. This appears to range from 
5000 to 50,000 miles per second. 

A vapor in a perfectly dust-frce space 
may be supersaturated without con- 
densing, because some dust particle is 
needed for the vapor to condense on. 
If electrons are introduced into such 
a vapor, each electron appears to form 
the nucleus for the formation of a drop 
and a mist is formed. The drops then 
fall and their rate of falling shows their 
size, for the relation between the size, 
mass and rate of descent of small 
bodies in a gas medium is well estab- 
lished. The total condensation, divided 
by the amount of water in each drop, 
gives the number of drops. The total 
charge that is brought down is also 
measured, and with this and the number 
of charges known, the value of the indi- 
vidual charge may be calculated. 
The actual charge per electron figures 
out to be six divided by ten to the 
twenty-sixth power, clectrostatic units. 

Other experiments make it apparent 
that all matter is made up of positive 
and negative electrons. The molecule 
may be robbed of some of its negative 
clectrons, and these may be set free in 
the surrounding space. А gas whose 
molecules have been so affected is 
said to be ionized, and the positive and 
negative charges in it are called ions. 
Such a gas 15 a fairly good conductor of 
electricity. 

The explanation of the rectifier is 
based on the fact that mercury gives 
off ions at a temperature of about 300 
deg. cent., whereas the carbon terminals 
give off no ions until heated up to a 
temperature of 1500 deg. cent. It is at 
the negative electrode that the heat is 
generated, little heat being produced at 
the positive terminal. Therefore if the 
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mercury forms the negative terminal 
it is heated enough to give off ions and 
the vapor becomes a good conductor. 
If a carbon terminal becomes negative 
it does not become hot enough to give 
off ions, and therefore the surrounding 
vapor ceases to conduct. 


At the regular mecting of the Branch 
on October 27, the evening was devoted 
to a discussion of the subject of '" Power 
Transmission." Mr. C. H. Kraft 
described the methods of line construc- 
tion, and showed the gencral practise 
in regard to the choice of systems and 
voltages for various purposes. The 
talk was illustrated by a number of 
views of line towers, and some typical 
high-voltage insulators were shown. 

Mr. J. H. Spurgeon dealt with the 
substations, and described the con- 
struction of some of the important parts 
of the apparatus, such as the ol 
switches and lightning arresters. 


The subject discussed at the meeting 
on November 10 was '' Speed Control 
of Direct-Current Motors." | Mr. T. B. 
Elis treated the subject from the 
standpoint of series motors in strect- 
car and railway service, comparing the 
power economy and effectiveness of the 
various plans. "The principal means of 
described were armature re- 
sistance, sertes-ficld shunts, change 
from scries to multiple connections for 
motors and vice versa, and series and 
multiple connections of the field wind- 
ings. 

Mr. W. H. Kanzler discussed speed 
control as applied to shunt and com- 
pound variable-speed motors, first giv- 
ing a summary of the uses of such 
motors. The methods of control 
described were armature resistance, 
field current adjustment, the use of 
separately controlled generators so as 
to vary the armature voltage, and the 
various systems involving the use of 
three or four wires giving different 
voltages. 
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MONTANA STATE COLLEGE 

The Montana State College Branch 
held a meeting on November 7. Mr. 
Max W. Kenck was eleeted chairman 
апа Mr. J. A. Thaler secretary. Mr. 
Kenck gave a talk on the work of the 
Institute and the advantages to be 
derived from membership in the local 
Branch. 


UNIVERSITY OF NEBRASKA 

The first meeting of the University 
of Nebraska Branch for the year was 
held on October 5. Committees were 
appointed and plans for the year dis- 
cussed. The officers are Professor O. J. 
Ferguson, chairman; Professor V. L. 
Hollister, corresponding secretary; Mr. 
Gunther, recording secretary; and Mr. 
Edison, treasurer. 


The next meeting of the Branch was 
held on November 5. In view of the 
inability of the scheduled speaker to be 
present, a “round table” discussion was 
held, on questions brought up by the 
students. Professor O. J. Ferguson 
described the reactors insertedinsection- 
alized busbars and Professor V. L. Hol- 
lister made a few remarks on motor 
applications and costs. 


On December 2 the University of 
Nebraska Branch held a joint meeting 
with the local branch of the A.S. M.E. 
andthe agricultural engineeringstudents 
of the university. The meeting was 
addressed by Professor H. H. Norris, 
lately head of the electrical engineering 
department of Cornell University, on 
"Some Recent Developments in Elec- 
trical and Mechanical Engineering”. 
Professor Norris spoke of the new devel- 
opments in high-speed turbines of in- 
creased capacity, and new designs of 
synchronous converters. This address 
aroused great interest and elicited con- 
siderable discussion by both the faculty 
members and student members present. 


Оніо NORTHERN UNIVERSITY 
The first meeting of the Ohio North- 
ern University Branch for the current 
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School усаг was held on October 15. 


Mr. G. A. Boesger gave a talk on ''Oper- 
ation of Frequency Changers” and on 
'"Commutating-Pole Saturation in D-C. 
Machines". Mr. Harry Restofski then 
gave a talk on ‘Electrolysis’, and was 
followed by Professor Thurston, who 
spoke on the benefit to be derived from 
student membership in the A.L E. E. 


The second meeting of the Branch 
was held on October 29. 

Mr. George F. Griffith gave a talk on 
"Advantages of the Steam Turbine”. 
'This talk led to a discussion of the rela- 
tive merits of the steam turbine and 
the reciprocating engine. 

Mr. G. H. Bull then spoke on “The 
Gas-Electric Railway Саг”, and pointed 
out the many conditions under which a 
gas-electric car can be operated with 
economy. The last talk was given by. 
Mr. T. M. Freeman, оп Dr. Langmuir's 
Institute paper, Tungsten Lamps of High 
Efficiency. Both of these talks were 
followed by general discussions. 


At the meeting of the Branch on 
November 17, Mr. J. H. Homrighous 
presented a paper on ‘'2400-Volt Rail- 
way Electrification’, and Mr. D. J. 
Goldberg spoke on ''Practical Interior 
Wiring”. 


OHIO STATE UNIVERSITY 

The Ohio State University Branch 
held its first meeting of the year on 
October 21. This took the form of a 
banquet at the Ohio Union, for the pur- 
pose of getting together and making the 
acquaintance of the juniors. The meet- 
ing was presided over by President Lco 
R. Yeager, and toasts were responded to 
by Professors Coddington, Flowers, 
and Caldwell. 


The next meeting of the Branch was 
held on November 19. It was decided 
to hold an “electrical show” in the 
spring of 1914, and a committee was 
appointed to make plans for it. Mr. 
John M. Strait presented a paper on 
“Railway Signaling’, and Mr. Landis 
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H. Brubaker a paper on “Telephone 
Transmission”. 


At the meeting of the Branch on Dec- 
ember 3, two papers were presented, 
"Copper Smelting’ by Mr. William H. 
Noble, and “Practical Operation of the 
Standard Transformer", by Mr. J. E. 
Wilson. 


OKLAHOMA AGRICULTURAL AND ME- 
CHANICAL COLLEGE 

A meeting of the Oklahoma Agricul- 
tural and Mechanical College Branch 
was held on December 6, when the Insti- 
tute paper, Electric Power inthe Construc- 
t10n of the Los Angeles Aqueduct, by Mr. 
E. F. Scattergood, was discussed by Mr. 
Quentin Graham. Mr. R. A. Wood 
then gave a discussion of the Institute 
paper by Mr. W. L. R. Emmet, on 
Proposed Applications of Electric Ship 
Propulsion. 


UNIVERSITY OF OKLAHOMA 

The sixth regular meeting of the 
University of Oklahoma Branch was 
held on November 5. Professor H. B. 
Dwight made an address on the In- 
stitute and its student Branches, their 
organization and purpose. Mr. M. 
C. Oakes discussed the papers on Tung- 
sten Lamps of High Efficiency presented 
by Messrs. Irving Langmuir and J. A. 
Orange at the Institute meeting at 
New York in October. Mr. D. E. Ren- 
shaw then made an address on the 
Mississippi River Power Company's 
development and plant at Keokuk, 
Iowa, illustrated from data gathered 
during a visit to the plant last March, 
and from bulletins issued previous to 
that time. 


OREGON AGRICULTURAL COLLEGE 

The opening meeting of the Oregon 
Agricultural College Branch was held 
on November 18, when Mr. A. O. Man- 
gold was elected chairman and Mr. I. L. 
Olmsted secretary. An address on 
“Underwriting” was delivered by Mr. 
V. L. Vorse of the Underwriters Equit- 
able Rating Bureau, of Portland, Ore. 
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UNIVERSITY OF OREGON . 
The University of Oregon Branch 
held a meeting on October 21. Pro- 
fessor R. H. Dearborn spoke on 'The 
Work of the Railroad Commission in 
Oregon”, and Librarian M. H. Douglas 
spoke on “Indexing and Card Filing 
in Engineering Libraries”. 


PENNSYLVANIA STATE COLLEGE 

The Pennsylvania State College 
Branch met on November 12, when 
Mr. A. D. Shultz read a paper on 
“History and Development of the Axle 
Generator System for Railway Car 
Lighting", and Mr. C. D. Gibbs read 
a paper on “The Application of Syn- · 
chronous Motors for the Betterment 
of Service Standards”. 


At the next mecting of the Branch, 
on December 10, a report was made by 
the committee which had been appoint- 
ed by the Branch to confer with com- 
mittees of the other engineering socie- 
ties of the college on the advisability of 
establishing an engineering magazine. 
The report showed that sentiment was 
favorable and it was voted that the 
Branch support such a magazine if the 
project was initiated. Professor J. O. 
Kammerman then gave a talk on the 
value of apprenticeship courses for 
college graduates. 


PuRDUE UNIVERSITY 

The Purdue University Branch held 
its opening meeting of the ycar on Oct- 
ober 7, which was largely devoted to 
getting acquainted with and welcoming 
new comers. 

Chairman Smith opened the meeting 
with a brief history of the organization 
and its affiliation with the Institute. 
He called attention to the fact that the 
Branch has a reading room at the dis- 
posal of its members which is supplied 
with several leading engineering period- 
icals, Institute PROCEEDINGS and cat- 
alogues. Dean Benjamin and Profes- 
sors Harding and Ewing discussed the 
value of A. I. E. E. membership to 
students. 
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-The second meeting of the Branch, on 
October 15, was addressed by Mr. B. P. 
Miessner, '17, who spoke on “The Wire- 
less Control of Torpedoes”. 

For the past two years Mr. Miessner 
has been connected with research work 
in the vicinity of Boston and has been 
associated with Mr. Hammond, an 
expert in wireless telegraphy. Mr. 
Miessner first told of the operation and 
construction of the ordinary Whitehead 
torpedo and of its great disadvantage, 
viz., the fact that it cannot be controlled 
after it is once fired, on account of which 
the percentage of hits with it is not 
very large, since there are numerous 
variables such as the tide and waves 
which tend to carry it from its intended 
course. 

Mr. Miessner then spoke of the diri- 
gible torpedo. It is a semi-submarine 
and is controlled through an inland 
station which in turn is controlled by 
turrets along the coast. Any one of 
these turrets will control the central 
station. Along the coast there is also 
a torpedo bed containing several of the 
missiles. Each of these torpedoes has 
a different characteristic wave by means 
of which it is controlled, and the opera- 
tor’s control of them is far more accur- 
ate than in the case of the Whitehead. 
The dirigible is built like a submarine 
boat, with the charge of explosive in the 
head, the machinery in the center, and 
the control and rudder at the rear end. 
The ordinary torpedo is lost after firing 
if it does not hit its mark, but the diri- 
gible can be recalled and used again. 
' he speed of the dirigible is about forty 
miles per hour, and since a very small 
part is above the water, it serves as a 
very poor target for the enemy. 


RHODE ISLAND STATE COLLEGE 

The first regular meeting of the Rhode 
Island State College Branch for the 
season was held on November 12. Pro- 
fessor L. P. Dickinson gave a short talk 
about the recent developments in tung- 
sten lamps. He brought up especially 
the éxperiments that have becn per- 
formed with the nitrogen-filled bulbs. 
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ROSE POLYTECHNIC INSTITUTE 
On October 15 the Rose Polytechnic 
Institute Branch held a meeting and 
organized for the ensuing year. The 
officers elected were Charles F. Harris, 
chairman, and Claude A. Lyon, secre- 
tary. 


The second meeting of the Branch was 
held on October 16. The object of the 
meeting was to demonstrate the X-ray 
tube, the taking of X-ray photographs, 
and the effect of high voltage through 
air and vacuum. 

Professor C. C. Knipmeyer demon- 
strated the X-ray machine, and corona 
loss in a high-tension transmission line, 
by the use of a Tesla coil, made at the 
Institute, using condensers producing 
a voltage of 900,000 volts; but on ac- 
count of magnetic leakage only 400,000 
volts could be actually used. 

An interesting feature of the corona 
effect shown was the producing of the 
words ‘‘Rose Polytechnic'' on a prepared 
shield at the end of the room approxi- 
mately twenty feet from the electrical 
discharge. 


Several X-ray photographs were 
taken of different students, some of 
them showing bone fractures. The 


plates were developed by Professors 
Peddle and Wischmeyer and displayed. 

Doctor Johonnott discussed and de- 
monstrated high voltages through air 
and vacuum, and also explained how 
the spark is made. Different insulators 
were caused to fail from the effect of 
high voltage. 


The third meeting of the Rose Poly- 
technic Branch was held on November 
6, as a joint meeting with the Camera 
Club, Professor Peddle being the faculty 
advisor of that club. 

Professor Peddle lectured and showed 
some interesting slides of color photog- 
raphy, after which more X-ray photo- 
graphs were taken and discussed. 


STANFORD UNIVERSITY 
At the regular mecting of the Stan- 
ford University Branch held on October 
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16, Professor D. Folsom of the mining 
department gave a paper on ''Elec- 
tricity in Mines and Mining.” He 
pointed out the especially hard points 
which must be overcome before a gen- 
eral adoption of electricity is made. 
Its applications to all phases of both 
underground and surface conditions 
were taken up and the merits and de- 
fciencles discussed. 

A new organization has been effected 
whereby the entire engineering student 
body may gather on certain evenings 
to hear talks by prominent engineers 
who are resident on or are visiting the 
Pacific Coast. | 


The Mechanicaland Electrical Engi- 
neering Societies held an informal joint 
smoker at the Faculty Club House on 
the evening of October 28. This was 
the first engineering smoker of this kind 
that has been held at Stanford and was 
given in an endeavor to have the under- 
class men of both courses meet the upper 
class men and faculty in an irfformal way 
and to further the spirit of personal ac- 
quaintanceship with all members of the 
university, especially the faculty. 

Professor W. F. Durand of the me- 
chanical engineering department gave 
the address of welcome to the freshmen. 
Professor H. J. Ryan of the electrical 
engineering department gave an in- 
teresting talk describing the formation 
and growth of the first engineering 
Societies at Cornell. University. Mr. 
G. M. Bril, a consulting engineer of 
Chicago and a past vice-president of 
the A.S. M.E., also made a short speech 
on the necessary qualities for a success- 
ful engineer. 

The attendance was very represen- 
tative of the various classes, there being 
about 135 people present. 


The Branch listened to a talk on the 
morning of Nov. 13, by Mr. H. M. 
Alvord of the General Electric Com- 
pany, on the organization, growth, and 
development of that company. By 
the aid of lantern slides he was able to 
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present his subject in an interesting 
manner. 


On November20, Mr. O’Shaughnessy, 
City Engineer of San Francisco, gavea 
talk to the engineering societies on the 
Hetch Hetchy water supply project of 
San Francisco. Lantern slides were 
used and helped to bringout very clearly 
the enormous engineering difficulties of 
the project, as well as the legal questions 
that must be settled before the project 
can be completed. 


The Branch held two meetings on 
December 4. The afternoon meeting 
wasinthe nature of a University Engi- 
neering Assembly and was addressed by 
Mr. Allen H. Babcock, chief electrical 
engineer of the Harriman Lines. Mr. 
Babcock went over his paper that was 
presented at the Vancouver Convention 
in great detail, explaining every item 
in the paper, both from an engineering 
and financial standpoint. 

The evening meeting listened to a 
talk by Mr. E. O. Shreve, of the General 
Electric Compariy. Mr. Shreve spoke 
on “Steam Turbines, Their Uses and 
Development." Through his courtesy 
the Branch has been extended ап invi- 
tation to visit the new naval collier 
Jupiter before the official acceptance 
trials are conducted. 


SYRACUSE UNIVERSITY 
A meeting of the Syracuse University 
Branch was held on December 1, when 
Mr. R. M. Brockway presented an ab- 
stract of the Institute paper by Dr. 
Langmuir on Tungsten Lamps of High 
Efficiency. 


At the meeting of the Branch on 
December 15, Mr. Stuart M. Cooper, 
1914, presented a paper on “Тһе 
Grounded Neutral”. 


AGRICULTURAL AND MECHANICAL COL- 
LEGE OF TEXAS 

The Agricultural and Mechanical 

College of Texas Branch held a meeting 

on October 23, when Professor F. C. 
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Bolton gave an illustrated talk on scenes 
in and around the Westinghouse Com- 
pany's plant, and Mr. O. B. Wooten 
gave an outline of the apprentice course 
system of that company. 


At the next meeting of the Branch on 
November 7, two papers were presented, 
"Interpoles for Motors and Generators” 
by: Mr. Nash, and “Methods of Charg- 
ing for Power”, by Mr. H. K. Baker. 


At the mecting on November 14 Dr. 
Scott, consulting engineer, of Dallas, 
Texas, made an address on ‘Power 
Plant Economy”. Dr. Scott discussed 
the recent devices for improvement of 
power plant economy and their advan- 
tages and disadvantages. Mr. Kenyon 
then made a brief talk, outlining the 
apprentice course offered to college grad- 
uates by the General Electric Company. 


THROOP COLLEGE OF TECHNOLOGY 

Mr. Eric Kobbe, assistant electrical 
engineer of the Pasadena office of the 
Home Telephone and Telegraph Com- 
pany, made an address at the meeting 
of the Throop College of Technology 
Branch, on October 24, on “Тһе History 
of Telephone Development”. 


The next mecting of the Branch was 
held on November 22, when Messrs. 
Elliott, Holms and Bultman, of the class 
of 1915, and Mr. Claude Sopp, of the 
class of 1917, gave an account of their 
summer experience with the Stone and 
Webster Construction Company dur- 
ing the construction of the 150,000- 
volt substation of the Big Creek system 
cf the Pacific Light and Power Company. 


WASHINGTON UNIVERSITY 

Тһе Washington University Branch 
held a meeting on October 16, when 
officers were elected for the year, as 
follows: chairman, R. Duncan; vice- 
chairman, Mr. Niemiller; and secretary- 
treasurer, C. C. Hardy. Professor 
Langsdorf then made an address on the 
importance of the organization to the 
student members. 
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The next meeting of the Washington 
University Branch was held on October 
23. The chairman reported on the 
joint meeting of engineering societies 
of the University to be held to consider 
the proposed engineering council, and 
he was given power to appoint a member ` 
to act with him as a committee of the 
Branch at this joint mceting. 


UNIVERSITY OF WASHINGTON 
The opening meeting of the fall term 


` of the University of Washington Branch 


was held on October 7. Professor C. E. 
Magnusson made an address dealing 
with electrical engineering as a vocation. 
He told of the problems which con- 
fronted him when he entered as a fresh- 
man at the University of Minnesota, 
and gave the reasons which determined 
him to choose the electrical profession. 

Mr. A. A. Miller supplemented the 
lecture with his experiences in choosing 
a vocation on entering the University 
of Nebraska. 


The next meeting of the Branch was 
held on November 4. The paper of the 
evening, read by Professor E. A. Loew, 
was entitled “The Historical Back- 
ground of Electrical Engineering”. 
The paper showed that there were two 
distinct periods in the discovery of 
magnetism and electricity. The first 
period was one of mystery and super- 
stition, and the second, one of scientific 
investigation. The work on magnet- 
ism and electricity was carried out as 
though those subjects were in no way 
interrelated. With Oersted's discovery 
came the awakening to the fact that 
they were closely related. “The author 
then dealt, 1n some detail, with the work 
of Faraday, giving his life history and 
the work he did leading up to the dis- 
covery of the fundamental laws of elec- 
tricity and magnetism. 


WORCESTER POLYTECHNIC INSTITUTE 
The annual ‘ladies’ night" lecture of 
the Worcester Polytechnic Institute 
Branch was held on November 14. 
Professor H. B. Smith, director of the 
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department of electrical engineering, 
speaking on “Two Months in India”, 
entertained a crowd of three hundred 
foranhourandthrce-quarters with slides 
made from photographs taken during 
a recent trip. He showed also some of 
the oddly woven and colored cloths, 
with hats, shoes, and knives used by 
the natives, illustrating the manner in 
which they drape their garments. 

The meeting was later adjourned to 
the general laboratory, where refresh- 
ments were served, followed by danc- 
ing in the gallery. 


Personal 


Mr. Рнплр E. HART has accepted 
an appointment as resident engincer 
of the Dorada Railway Ropeway Ex- 
tension, Honda, Colombia, South Amer- 
ica. Mr. Hart has been until recently 
located in Montreal, Que. 


Mr. HENRY H. Norris is making a 
tour of colleges and electrical installa- 
tions in Illinois, Missouri, Nebraska, 
Kansas and neighboring states, en- 
gaged in a study of matters of technical 
interest. Mr. Norris is now associate 
editor of the Electrical World and the 
Electric Ratlway Journal. 


Mr. PAUL A. WESTBURG has become 
president and treasurer of the Badt- 
Westburg Electric Company, Chicago 
representatives for the Weston Elec- 
trical Instrument Company and the 
Ward Leonard Electric Company. The 
offices of the company have been re- 
moved from 1504 Monadnock Block 
to 832 Monadnock Block, Chicago, 
to provide larger quarters for their in- 
creasing business. 


MR. THEODORE А. BERGEN, who 
for a number of years has been con- 
nected with Lockwood, Greene and 
Company, architects and engineers, 
latterly as head of the firm's mechanical 
and electrical department in Chicago, 
has associated himself with The Com- 
bined Industries of Sweden (Sveriges 
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Industriforbund), and will manage 
their enginecring department in Stock- 
holm, beginning carly in the year. 


Mr. J. G. WHITE recently returned 
to New York after six months’ absence 
in England and on the Continent. 
Much of his time was spent in London 
at the home office of J. G. White and 
Company, Limited, of which he is 
president. One of the important 
recent financial undertakings of the 
firm is the formation of the Inter- 
national Light and Power Company, 
Limited, a holding company owning 
securities of several electric light and 
tramway properties throughout South 
America. 


Mr. ETIENNE DE Корок, Director- 
Generalof the Budapest General Electric 
Company, gave an illustrated lecture on 
the “Electrification of Trunk Lines” on 
December 5, 1913, in the rooms of the 
Pest Lloyd Society, and in the presence 
of an unusually brilliant audience. 
Among his listeners were Archduke 
Joseph Franz of Austria with his suite, 
Baron Adolf Kohner, president of the 
Lloyd Society in Pest, several secre- 
taries of state of Hungary, the director 
of Hungarian state railways, Sigmund 
v. Kotanyi, and many prominent mem- 
bers of both houses of Parliament, as 
well as representatives of the industries 
and schools. 

The speaker was thoroughly in favor 
of an extension of electrification to 
the Hungarian railway system. The 
electric railways built in Europe during 
recent years (referring to trunk lines 
only) have proved a financial success. 
An electric line is cheaper than a stcam 
road to build, because it allows the use 
of steeper grades; and it is cheaper to 
operate. The latter is not so obvious 
at first sight, because one 1s inclined to 
believe that it ought to be simpler and 
cheaper to haul coal one way, with the 
locomotive, than first to take 1t to the 
electric plant, and then convey the cur- 
rent all over the country, with all the 
attending losses. А boiler on the loco- 
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motive appears also to be a simpler and 
more economical arrangement than the 
complicated system of the generating 
station, with its boilers and electrical 
machinery, the transmission system 
overland, and the motors on the loco- 
motives. Ав a matter of fact, however, 
coal has to be hauled several wavs before 
it is consumed inthe locomotivefurnace: 
first from the mine to the coal depot on 
the road (and the speaker surprised his 
hearers by showing them what large 
arcas of valuable space were occupied 
by such depots in Budapest), an opera- 
tion which for the Hungarian railroads 
involves an expense of 15,000,000 krones 
per year. Then the coal has to be 
loaded on the tender of the locomotive, 
and carried again as dead weight at no 
inconsiderable cost, while a further 
source of expense is the taking сагс of 
the ashes and slag. Should the rail- 
roads be electrified, the generating sta- 
tions might be placed right at the mouths 
of the mines, the coal being delivered 
from underground straight to the boiler, 
without any unnecessary handling, the? 
distribution of coal producing regions 
in Hungary being such as to permit pro- 
viding cach section of the country with 
all the power it needs for its trunk lines. 

A further advantage of clectrification 
for Hungary lies in the fact that at 
present a considerable part of the rail- 
road demand for coal has to be supplied 
from abroad, since only good coal can 
be burned on locomotives, and such 
coal is scarce in the country. In cen- 
tral generating stations, however, poor 
coal, such as lignite, can be handled 
quite successfully, as has been shown 
both bv German and Austrian practise, 
and the importation of forcign coals 
could therefore be discontinued. The 
maintenance expenses of an electric 
line are also more attractive than those 
of steam lines, since the heavy item of 
constant repairs to the locomotive 
boilers (due to their overstraining) is 
ehminated. “There are as yet no clec- 
tricallyoperated trunk linesin Hungary, 
the proposed electrification of some 
lines being held up for military reasons, 
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but the speaker strongly advocated 
the necessity of paying far more atten- 
tion to this problem than it has received 
hitherto. 

At the conclusion of his lecture Mr. 
de Fodor was warmly thanked by the 
President of the Lloyd Society and 
Archduke Joseph Franz of Austria. 


Obituary 

CLARENCE E. DELAFIELD, Assoc. A. I. 
E. E., district manager of the Inter- 
mountain territory of the Crocker- 
Whecler Company, died on November 
30, 1913, in Denver, Colorado. Mr. 
Delaficld was associated for a number of 
years with the Wagner Electric Manu- 
facturing Company of St. Louis, Mo., 
and was later sales manager of the 
Ohio Brass Company of Mansfield, О. 
He entered the service of the Crocker- 
Wheeler Company on September 1, 
1909, and had recently filled the position 
of district manager of that company’s 
Intermountain territory, with head- 
quarters at Denver and Salt Lake City. 
He was elected an Associate of the 
Institute on April 5, 1912. 


Abstracts of Proceedings of 
Foreign Engineering Societies 


SOCIÉTÉ INTERNATIONALE DES 
ELECTRICIENS 
MEETING OF DECEMBER 8, 1913 


“ Electric Traction—New system of 
self-regulation. Starting without re- 


sistance and recuperation.” Ву R. 
Legouez. 
The present system is a rational 


solution of the problem of regulation 
of traction motors with series cxcita- 
tion: it is entirely automatic, permits 
the elimination of starting resistances 
and the recuperation of energy. 

An automatic starting may be ob- 
tained by using in a system of step-up- 
step-down transformers, а constant- 
current machine; the application of 
this idea to traction and the use of 
stabilizing devices permitting recupera- 
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tion either while braking or on inclines, 
are essential 
system. — 

The stabilizing feature consists essen- 
tially of the production of a sufficient 
damping in the primary circuit of the 
traction motor, so that all instantaneous 
variations of the main current shall be 
without effect on the excitation of the 
motors. 

The first train of multiple units 
equipped with this system and delivered 
to the Metropolitan Railway in Paris 
has just been tested. These tests have 
fully confirmed the correctness of the 
theoretic deductions, and, in particular, 
have shown the very important ccon- 
omy in power that this system makes 
possible. 


characteristics of this 


Library Accessions 


The following accessions have been made to the 
Library of the Institute since the last acknowledge 
ment. 

Accident Prevention. Safety First. Philadel- 
phia, United Gas Improvement Co., 1913. 
(Purchase.) 

American Institute of Electrical 
Index to Transactions, vol. 1, 
New York, 1913. 

Association of Iron and Steel Electrical Engineers. 
Proceedings of 2d Annual Convention, 
Buffalo, N. Y., June 23-26, 1909. 

—— Proceedings of Pittsburgh, Oct. 20-22, 1909. 

— — Minutes and Papers. 4th Annual Convention. 
Oct. 17-20. 1910. 

— Standard Crane Specifications. 

Convention. Oct. 17-20, 1910. 

Proceedings of 5th Annual Convention, Sep 

25-29, 1911; 6th Annual Convention, Sept. 

30, Oct. 1-5, 1912. 

—— Constitution and By-laws. amended Nov. 


Engineers. 
1884-1900. 


4th Annual 


1. 1911. 
Der Aufzugbau. Ein Handbuch für das Kon- 
struktionsbureau. By Hugo  Bethimann. 


Braunschweig, 1913. (Gift of Weaver Fund.) 

British Association for the Advancement of 
Science. Reports of the Committee on 
Electrical Standards. Cambridge, 1913. 
(Purchase.) 

Canadian Electrical Association. Proceedings 
of 23rd Annual Convention, 1913. Toronto, 
1913. (Exchange.) 

Carnegie Library of Pittsburgh. Classified 
Catalogue 1907-1911- -part V—Literature. 
Pittsburgh, 1913. (Exchange.) 

Commission Regulation of Public Utilities. А 
compilation and analysis of laws of forty- 
three states and of the Federal government 
for the regulation by central commissions 


"Wood-using Industries of Florida. 
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of railroads and other public utilities. New 

York, 1913. (Purchasc.) 
Conduction of Electricity through Gases. Ed. 


2. By J. J. Thomson. 
(Purchasc.) 

Delaware College. Catalogue of the 
and Students, 1912-13. Newark, 
(Gift of Delaware College.) 

Electrical Engineering. By C. V. Christie. 
New York, McGraw-Hill Book Co., 1913. 
(Purchase.) 

Elektrische Strassenbahen und strassenbahnahn- 
liche Vorort und Uberlandbahnen. By Karl 
Trautvetter. Berlin, 1913. (Purchase.) 

First Coóperative Safety Congress. Proceedings, 
held under the auspices of Association of 
Ітоп and Steel Electrical Engineers. Mil- 
waukee, Sept. 30-Oct. 5, 1912. (Gift of 
Association of Iron and Steel Electrical 
Engineers.) 

International Catalogue of Scientific Literature. 
lith Annual Issue. B— Mechanics. Lon- 
don, 1913. (Gift of E. D. Adams.) 

International Radiotelegraph Convention, Lon- 

don, 1912. Resolutions, rules, etc. 

International Morse Code and Conventional 

signals. 

List of Abbreviations to be used in Radio 

communication. 

Regulations for Radio Apparatus and 

Operators on Steamers, edition July 1, 1913. 

Regulations governing radio communication, 

edition July 1, 1913. (Gift of U. S. Burcau 
of Navigation, Dept. of Commerce.) 

National Board of Fire Underwriters. List of 
Electrical Fittings. October, 1903. N.p. 
1913. (Gift of Underwriters Laboratories.) 
Inc.) 

National Conservation Congress (4th) Pro- 

ceedings, Oct. 1-4, 1912. Indianapolis, 

1912. (Gift of F. L. Hutchinson.) 

(5th) Committee on Water Power. unanim- 

ous recommendations. Nov. 18-20, 1913, 

(5th) Report of the Committee on Water 

Power, Nov. 18-20, 1913. 

— (5th) Report of the Minority on Water Power 

National Electric Light Association. 36th 
Convention. Papers, Reports and Discus- 
sions 4 vols. Chicago, 1913. (Exchange.) 


National Electric Light Association. New Eng- 
land Section. Proceedings of Annual Con- 
vention. 4th, 1912. (Gift of Boston бес- 
tion, of N. E. L. A.) 


Normalien, "Vorschriften und  Leitsátze des 
Verbandes Deutscher Elektrotechniker. Ed. 
8. By Georg Dettmar. Berlin, 1913, 
(Purchase.) 


Radioactive Substances and their radiations. 
By E. Rutherford. Cambridge, 1913. 
(Purchase.) 


Cambridge, 1906. 


Officers 
1913, 


By Hu Max- 

well. Tallahassee, 1913. (Gift of U. S. 
Department of Agriculture.) 

Wood-using Industries of Iowa. Ames, 1913. 


(Gift of U. S. Department of Agriculture.) 
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Wood-using Industries of Minnesota. St. Paul 
1913. (Gift of U. S. Department of Agri- 
culture.) 


GIFT OF EDWARD R. KNOWLES. 


Allsop, F.C. Telephones: their construction and 
fitting. New York, 1891. 

Atkinson, Philip. Elements of Static Electricity. 
New York, 1887. 

Ayrton, W. E. Practical Electricity. 
1887. 

Blakesley, Т.Н. Paperson Alternating Currents 
of Electricity. Ed. 2. London-New York, 
1889. 

Carhart, H. S. Primary Batteries. 
1891. 

Clark, D. К. Fuel: its combustion and economy 

London-New York, 1879. 

Ed. 3. London, 1886. 

Crosby, O. T. and Bell, L. Electric Railway in 
Theory and Practice. New York, 1892. 
Draper, Geo. & Sons. Facts and Figures for 
textile manufacturers. Hopedale, 1896. 
Dredge, James. Electric Illumination. vols. 
I-II. London-New York, 1882, 1885. 

Du Moncel, Th. Elements of Construction for 
Electro- Magnets. Translated from the 
French by C. J. Wharton. London-New 
York, 1883. 

Eames Vacuum Brake Co. 
logue. New York, n. d. 

“Тһе Electrician ” Primers. 
London, 1891. 

Ewing, J. A. Magnetic Induction in Iron and 
other Metals. London-New York, 1892. 

Faraday, Michael. Experimental Rescarches in 
Electricity. Vols. 1-3. London, 1839, 1844, 
1855. 

Farrar, John. Elements of Electricity, Mag- 
netism and Electro- Magnetism. Cambridge 
1826. 

Fleming, J. A. Alternate Current Transformer 
in Theory and Practice. Vols. I-II. New 
York-London, 1889, 1892. 

Gladstone, J. H., and Tribe, A. Chemistry of 
the Secondary Batteries of Planté and 
Faure. London, 1883. 

Gordon, J. E. H. Four Lectures on Static 
Electric Induction. New York, 1881. 


— Physical Treatise on Electricity and Mag- 
netism. Vols. I-II. New York, 1880. 
Practical Treatise on Electric Lighting. 
New York, 1884. 

Gray, Andrew. Absolute Measurements іп 
Electricity and Magnetism. London, 1884. 
Vol. II, pts. 1-2. London, 1893. 


Gray, John. Electrical 
London, 1890. 


London, 


Boston, 


Driver Brake Cata- 


Vol. II—Practice. 


Influence Machines. 


Hartley, F. W. Gas Analyst's Manual. Lon- 
don, 1579. 
Hawkins, N. New Catechism of Electricity. 


New York, 1897. 


Hawkins, C. C. and Wallis, F. The Dynamo. 
New York, 1593. 
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Hedges, 
Light Central Stations. 
1892. 

Hering, Carl. Universal 
New York, 1891, 
Holman, S. W. Discussion of the Precision of 

Measurements. New York, 1892. 

Hospitalier, Е. Formulaire Pratique de L'Elec- 

tricien. Deuxiemeannce— 1884.  Paris.n.d. 

Polyphased Alternating Currents. London, 

n.d. 

Houston, E.J. Dictionary of Electrical Words, 
Terms and Phrases. New York, 1889. 
Hutton, F. R. Mechanical Engineering of Power 

Plants, New York, 1912. 

Jackson, D. C., and Jackson, J. P. Alternating 
Currents and Alternating Current Machin- 
ery. New York, 1896. 

Jenkin, Fleeming. Electricity and Magnetism, 
London, 1873. 

Kempe, Н. R. Handbook of Electrical Testing. 
London-New York, 1881. 

Kennelly, A. E., and Wilkinson, H. D. Practical 
Notes for Electrical Students. London-New 
York, 1890. 

Leverich, G. Cable Railway on the New York 
and Brooklyn Bridge. New York, 1888. 

Lodge, O. J. Modern Views of Electricity. 
London-New York, 1889. 

Mottelay, P. F., translator. William Gilbert of 
Colchester. New York, 1893. 

Murdock, J. B. Notes on Electricity and Mag- 
netism. New York, 1884. 

New York State Factory Investigating Com- 
mission. Preliminary Report. — Vols. I-III. 
Albany, 1912. 

Prescott, G. B. Electric Telephone. 
New York, 1890. 


Killingsworth. Continental Electric 
London-New York, 


Wiring Computer. 


Ed. 2. 


Electricity. Ed. 3. New York, 1879. 
Speaking Telephone, Electric Light, ctc. 
New York, 1879. 
Swinburne, J. Practical Electrical Measure- 
ment. London-New York, 1888. 
Thomson, William. Popular Lectures and 
Addresses. Vol. I—Constitution of Matter. 


London, 1889. 

Thompson, S. P. Philipp Reis: Inventor of The 
Telephone. London, 1883. 

Tyndall, John. Heat, a mode of motion. 
New York, 1883. 

Walker, A. H. Text-Book of the Patent Laws of 
the United States of America. New York, 
1883, 

Webb, H. L. Practical Guide to the Testing of 
Insulated Wires and Cables. New York, 
1891, 


Williamson, Benjamin. 


Ed. 6. 


Elementary Treatise on 


the Differential Calculus. Ed. 3. New 
York, 1877. 
Worthen, W. E. Appletons' Cyclopaedia of 


Drawing. New York, 1870. 


Youmans, E. L. Class-book of Chemistry. 
New York, 1876. 
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UNITED ENGINEERING SOCIETY 
Harmsworth Atlas and Gazetteer. London, n.d. 
(Purchase.) 
International Directory of Booksellers and 
Bibliophile’s Manual. Edited by James 


Clegg. v.p. 1914. (Purchase.) 
Passaic Public Library. Report 25th, 1913. 
n.p.n.d. (Gift of Public Library.) 
Washington Academy of Sciences. Proceedings. 
Vols. 1-13. Washington, 1899-1911. (Gift 


of Chas. L. Parsons.) | 


TRADE CATALOGUES. 

Chicago Pneumatic Tool Co. Chicago, Ill. 
Bull. 34-D. '' Chicago Pneumatic ” Corliss 
compressors, steam driven. Oct., 1913. 

Crocker-Wheeler Co. Ampere, N. J. Bull. 160. 
Induction Motors for general use. Oct., 
1913. 

Cutter Electrical & Mfg. Co. 
Notable circuit breaker installations. 
1912. 

Fort Wayne Electric Works. Fort Wayne, Ind. 
Bull. 1145. Type ML three bearing belted 
direct current generators with balance 

wheels. Sept., 1912. 

Bull. 1147. Fort 

type A. Oct., 1913. 


Philadelphia, Pa. 
July, 


Wayne transformers, 
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Instruction book No. 3056. Type А, Form A. 
oil transformers. Nov. 1912. 

General Electric Co. Schenectady, М Y.— 

Bull. A4131. Storage battery industrial 

and mining locomotives. Oct., 1913. 

A4151—Engine driven continuous current 
generators. Oct., 1913. 

—— —A4171. General electric ventilated railway 
motors. Oct., 1913. 

----А4172. GE-203 Ventilated commutating 
pole railway motor. Oct., 1913. 

----А4173. GE-201 Ventilated commutating 
pole railway motor. Oct., 1913. 

Alex. Milburn Co. Baltimore, Md. Milburn 
portable acetylene lights. Nov., 1913. 
Ohio Brass Co. Mansfield, Ohio. Construction 

details of some prominent catenary roads. 


Oct., 1913. 

Sprague Electric Works. New York, N. Y. 
Bull. 247. Round type direct current 
motors. 23 pp. n.d. 

Wagner Electric Mfg. Co. St. Louis, Mo. 
Bull. 103. Single-phase converter. Nov., 
1913. 


Westinghouse Machine Co. East Pittsburgh, 
Pa. Circular W. M. 504, 507, 508, 509, 510 
April, 1911; Nov., Dec., 1912; Sept., Oct. 
1913. 
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OFFICERS AND BOARD OF DIRECTORS, 1913-1914 


PRESIDENT. 
(Term expires July 31, 1914) 
C. O. MAILLOUX. 


GANO DUNN. 


JUNIOR PAST-PRESIDENTS. 


RALPH D. MERSHON. 


VICE-PRESIDENTS. 


(Term expires July 31, 1914.) 
A. W. BERRESFORD. 
WILLIAM S. MURRAY. 
SEVERN D. SPRONG. 


(Term expires July 31, 1915.) 


J. A. LIGHTHIPE. 
H. H. BARNES, JR. 
CHARLES E, SCRIBNER. 


MANAGERS. 


(Term expires July 31, 1914.) (Term expires July 31, 1915.) (Term expires July 31, 1916.) 


F. S. HUNTING. 
NORMAN W. STORER. 
WILLIAM S. LEE. 
FARLEY OSGOOD. 


TREASURER. 
GEORGE A. HAMILTON. 


COMFORT A. ADAMS. 
J. FRANKLIN STEVENS. B. A. BEHREND. 
WILLIAM B. JACKSON. 
WILLIAM McCLELLAN. 


(Term expires July 31, 1914.) 


H. A. LARDNER, 


PETER JUNKERSFELD. 
LEWIS T. ROBINSON. 


SECRETARY. 
Р. L. HUTCHINSON. 


PAST-PRESIDENTS.—1884-1913. 


*NORVIN GREEN, 1884-5-6. 
*FRANKLIN L. POPE, 1886-7. 

T. COMMERFORD MARTIN, 1887-8. 
EDWARD WESTON, 1888-9. 

ELIHU THOMSON, 1889-90. 
*WILLIAM A. ANTHONY, 1890-91. 
ALEXANDER GRAHAM BELL, 1891-2. 
FRANK JULIAN SPRAGUE, 1892-3. 
EDWIN J. HOUSTON, 1893-4-5. 
LOUIS DUNCAN, 1895-6-7. 
FRANCIS BACON CROCKER, 1897-8. 
A. B. KENNELLY, 1898-1900. 


CARL HERING, 1900-1. 
CHARLES P. STEINMETZ, 1901-2. 
CHARLES F. SCOTT, 1902-3. 
BION J. ARNOLD, 1903-4. 

JOHN W. LIEB, Jr., 1904-5. 
SCHUYLER SKAATS WHEELER, 1905-6. 
SAMUEL SHELDON, 1906-7. 
HENRY G. STOTT, 1907-8. 
LOUIS A. FERGUSON, 1908-09. 
LEWIS B. STILLWELL, 1909-10. 
DUGALD C. JACKSON, 1910-11. 
GANO DUNN, 1911-12. 


RALPH D. MERSHON, 1912-13. 


* Deceaséd. 


HONORARY SECRETARY. 
RALPH W. POPE, 


33 West 39th Street, New York. 


GENERAL COUNSEL. 


PARKER and AARON, 
52 Broadway, New York 
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STANDING COMMITTEES 


Revised to January 1, 1914. 


EXECUTIVE COMMITTEE. 
C. O. MAILLOUX, Chairman, 


90 West St., New York. 


H. H. BARNES, JR., New York. 

GANO DUNN, New York. 

GEORGE A. HAMILTON, Elizabeth, N. J. 
WILLIAM McCLELLAN, New York. 
CHARLES E. SCRIBNER, New York. 

J. FRANKLIN STEVENS, Philadelphia, Pa. 


FINANCE COMMITTEE 


J. FRANKLIN STEVENS, Chairman, 

1326 Chestnut Street, Philadelphia, Pa 
A. W. BERRESFORD, Milwaukee, Wis. 
S. D. SPRONG, Brooklyn, N. Y. 


LIBRARY COMMITTEE. 


SAMUEL SHELDON, Chairman, 
1984 Schermerhorn Street, Brooklyn, N. Y. 
P. L. HUTCHINSON, New York. 
F. B. JEWETT, New York. 
MALCOLM MacLAREN, Princeton, N. J. 
W. I. SLICHTER, New York. 


MEETINGS AND PAPERS COMMITTEE. 


W. S. RUGG, Chairman, 
165 Broadway, New York. 
LEWIS T. ROBINSON, Secretary, 
General Electric Company, Schenectady, N.Y. 
L. W. CHUBB, Swissvale, Pa. 
H. A. HORNOR , Philadelphia, Pa. 
HENRY H. NORRIS, Ithaca, N. Y. 
and the chairmen of the technical committees. 


EDITING COMMITTEE. 


LEWIS T. ROBINSON, Chairman, 
General Electric Company, Schenectady, N.Y. 
P. P. FOWLE, New York, 
H. M. HOBART, Schenectady, N. Y. 
M. G. LLOYD, Chicago, Ill. 
A. 8. McALLISTER, New York. 
W. 1. SLICHTER, New York. 


CODE COMMITTEE. 
FARLEY OSGOOD, Chairman. 
763 Broad Street, Newark N. J} 

B. A. BEHREND, Boston, Mass. 
J. C. PORSYTH, New York. 

B. GBAR, Chicago, Ill. 
H. N. MULLER, Pittsburgh, Pa. 
Н. R. SARGENT, Schenectady, N. Y. 

M. SCHOBN, Atlanta, Ga. 

CIORGE P. SEVER, New York. 

` B. SKINNER, East Pittsburgh, Pa. 


BOARD OF BXAMINBRS. 
MAURICE COSTER, Chairman, 
165 Broadway, New York. 
W. G. CARLTON, New York. 
A. S. McALLISTER, New York. 
F. W. ROLLER, New York. 
S. D. SPRONG, Brooklyn, N. Y. 


SECTIONS COMMITTEE. 
P. M. LINCOLN, Chairman, 
P.O. Box 911, Pittsburgh, Pa. 

C. L. CORY, Berkeley, Cal. 
S. G. McMEEN, Columbus, Ohio. 
W. S. RUGG, New York. 
J. F. STEVENS, Philadelphia, Pa. 

and the chatrmen of all Sections, ex-officio. 


STANDARDS COMMITTEE 
A. E. KENNELLY, Chairman, 
Harvard University, Cambridge, Mass. 
COMFORT A. ADAMS, Secretary, 
Harvard University, Cambridge, Mase. 
MORTON ARENDT, New York. 
JAMES BURKE, Erie, Pa. 
W. A. DEL MAR, New York. 
W. C. L. EGLIN, Philadelphia, Pa. 
H. W. FISHER, Perth Amboy, N. J. 
H. M. HOBART, Schenectady, N. Y. 
DUGALD C. JACKSON, Boston, Mass. 
Р. B. JEWETT, New York. 
B. G. LAMME, Pittsburgh, Pa. 
W. A. LAYMAN, St. Louis, Mo. 
M. G. LLOYD, Chicago, Ill. 
R. H. MARRIOTT, New York. 
A. S. McALLISTER, New York. 
WILLIAM McCLELLAN, New York. 
W. L. MERRILL, Schenectady, N. Y. 
W. S. MOODY, Pittsfield, Mass. 
HAROLD PENDER, Boston, Mass. 
W. H. POWELL, Milwaukee, Wis. 
CHARLES ROBBINS, East Pittsburgh, Pa. 
LEWIS T. ROBINSON, Schenectady, N. Y. 
E. B. ROSA, Washington, D. C. 
CHARLES F. SCOTT, New Haven, Conn. 
CLAYTON H. SHARP, New York. 
C. E. SKINNER, Pittsburgh, Pa. 
JAMES M. SMITH, Ampere, N. J. 
CHARLES P. STEINMETZ, Schenectady, N.Y 
S. W. STRATTON, Washington, D. C. 
PHILIP TORCHIO, New York. 


LAW COMMITTEE. 
CHARLBS A. TERRY, Chairman, 
165 Broadway, New York. 
CHARLES L. CLARKE, Schenectady, N. Y. 
CHARLES E. SCRIBNER, New York. 
G. Н. STOCKBRIDGE, New York. 
W. B. VANSIZE, New York. 
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SPECIAL COMMITTEES 


Revised to January 1, 1914. 


INDUSTRIAL POWER COMMITTEE. 
R. TSCHENTSCHER, Chairman, 


Illinois Steel Company, South Chicago, Ill. 


WILLIAM T. DEAN, Chicago, Ill. 

A. C. EASTWOOD, Cleveland, Ohio. 

E. FRIEDLANDER, Braddock, Pa. 

C. T. HENDERSON. Milwaukee, Wis. 
CHARLES W. PARKHURST, Johnstown, Pa. 
KARL A. PAULY, Schenectady, N. Y. 

W. H. POWELL, Milwaukee, Wis. 

B. R. SHOVER, Youngstown, Ohio. 

ROBERT B. TREAT, East Orange, N. J. 
BRENT WILEY, Pittsburgh, Pa. 


TELEGRAPHY AND TELEPHONY 
COMMITTEE. 
Р. P. FOWLE, Chairman, 
68 Maiden Lane, New York. 
M. H. CLAPP, St. Paul, Minn.. 
B. H. COLPITTS, New York. 
M. M. DAVIS, New York. 
S. P. GRACE, New York. 
A. H. GRISWOLD, San Francisco, Cal. 
JOHN L. HOGAN, Jr., Brooklyn, N. Y. 
L. S. KEITH, Chicago. Ill. 
S. G. McMEEN, Columbus, Ohio. 
CLOYD MARSHALL, New York. 
WILLIAM MAVER, JR., New York. 
J. H. MORECROFT, New York. 
SAMUEL REBER, Washington, D. C. 
F. L. RHODES, New York. 
J. L. WAY NE, Indianapolis, Ind. 
C. S. WINSTON, Chicago, Ill. 
О. M. YORKE, New York. 


ELECTROCHEMICAL COMMITTERE. 

A. P. GANZ, Chairman, 

Stevens Institute of Technology, Hoboken, N.J. 
C. F. BURGESS, Madison, Wis. 
M. W. FRANKLIN, Bloomfield, N. J. 
A. McK. GIFFORD, Pittsfield, Mass. 
CARL HERING, Philadelphia, Pa. 
BURTON McCOLLU M, Washington, D. C. 
L. L. SUMMERS, Chicago, Ill. 
W. R. WHITNEY, Schenectady, N. Y. 


COMMITTEE ON 
BLECTRICALLY PROPELLED VEHICLES. 
HAROLD PENDER, Chairman, 
483 Beacon St., Boston, Masa. 
A. CHURCHWARD, Boston, Mass. 
G. H. JONES, River Forest, Ill. 
ERNEST LUNN, Chicago, Ill. 
FRANK W. SMITH, New York. 
H. H. SMITH, Orange, N. J. 
H. F. THOMSON, Boston, Mass. 
P. D. WAGONER, Long Island City, N. Y. 
F. B. WHITNEY, Philadelphia, Pa. 
J]. b. WOODBRIDGE, Philadelphia, Pe. 


COMMITTEE ON USE OF ELECTRICITY IN 
MINES. 


WILFRED SYKES, Chairman, 
Box 242, East Liberty, Pa. 
C. W. BEERS, Wilkesbarre, Pa. 
GRAHAM BRIGHT, Wilkinsburgh, Pa. 
H. H. CLARK, Pittsburgh, Pa. 
MARTIN H. GERRY, JR., Helena, Mont. 
J. M. HOPWOOD, Wheeling, W. Va. 
J. T. JENNINGS, Pottsville, Pa. 
B. T. VIALL, Miami, Arizona. 
GEORGE R. WOOD, Philadelphia, Pa. 


COMMITTEE ON USE OF ELECTRICITY IN 
MARINE WORK. 


C. S. McDOWELL, Chairman. 

U. S. Navy, Navy Yard, New York. 
J. J. CRAIN, Quincy, Mass. 
MAXWELL W. DAY, Schenectady, N. Y. 
W. L. R. EMMET, Schenectady, N. Y. 
F. C. HANKER, Wilkinsburg, Pa. 
H. L. HIBBARD, Milwaukee, Wis. 
GUY HILL, Brooklyn, N. Y. 
H. A. HORNOR, Philadelphia, Pa. 
O. P. LOOMIS, Newport News, Va. 
D. M. MAHOOD, Secretary, Brooklyn, N. Y. 
G. A.. PIERCE, JR., Philadelphia, Pa. 
ELMER A. SPERRY, Flatbush, L. I. 
R. W. WOOD, New York. 


PRIME MOVERS COMMITTEE. 


H. G. STOTT, Chairman, 
600 West 59th Street, New York 
R. G. GASCHE, Chicago, Ill. 
W. S. GORSUCH, New York. 
P. JUNKERSFELD, Chicago, Ill. 
DANIEL W. MEAD, Madison, Wis. 
R. J. S. PIGOTT, New York. 
G. I. RHODES, Boston, Mass. 


ELECTROPHYSICS СОММІТТЕЕ. 


J. B. WHITEHEAD, Chairman, 
Johns Hopkins University, Baltimore, Md. 
EDWARD BENNETT, Madison, Wis. 
H, L. BLACKWELL, Cambridge, Mass. 
W. S. FRANKLIN, South Bethlehem, Pa. 
E. P. HYDE, Cleveland, Ohio. 
E. L. NICHOLS, Ithaca, N. Y. 
G. W. PIERCE, Cambridge, Mass. 
M. 1. PUPIN, New York. 
E. B. ROSA, Washington, D. C. 
HARRIS J. RYAN, Stanford University, Cal. 
CHARLES P. STEINMETZ, Schenectady, N.Y. 
WILLIAM R. WHITNEY, 8cheneetady, N. Y. 
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ELECTRIC POWER COMMITTEE. 


DAVID B. RUSHMORE, Chairman, 


P. AND M. Юерт., General Electric Company, 


Schenectady, N. Y. 


E. A. LOF, Secretary 
P. AND M. Юерт., General Ене 
Company Schenectady, N. Y. 


and the members of the following sub-committees: 


1. Power Staiions 


DUGALD C. JACKSON, Chairman. 

Massachusetts Institute of Technology. 
Boston, Mass. 

P. G. BAUM, San Francisco, Cal. 

P. O. BLACKWELL, New York. 

N. A. CARLE, Newark, N. J. 

HUGH HAZELTON, New York. 

A. H. KRUESI. Schenectady, N. Y. 

B. G. LAMME, Pittsburgh, Pa. 

J. A. LIGHTHIPE, Los Angeles, Cal. 

IRVING E. MOULTROP, Boston, Mass. 

L. L. PERRY, Chicago, Ill. 

R. A. PHILIP, Boston, Mass. 

A. E. POPE, Shelburne Falls, Mass. 

FRANK SARGENT, Boston. Mass. 

J. F. VAUGHAN, Boston, Mass. 


2. Power Generation Committee. 


H. W. BUCK, Chairman, 
49 Wall Street, New York. 
ALLAN V. GARRATT, Holliston, Mass. 
F. G. GASCHE, Chicago, Ill. 
DANIEL W. MEAD, Madison, Wis, 
S. D. SPRONG, Brooklyn, N. Y. 


3. Protective Apparatus 


CHARLES P. STEINMETZ, Chairman, 
General Electric Company, Schenectady, N.Y, 

B. B. F. CREIGHTON, Schenectady, N. Y. 

R. P. JACKSON, Swissvale, Pa. 

N. J. NEALL, Boston, Mass. 

PARLEY OSGOOD, Newark, N. J. 

P. W. PEEK, JR., Schenectady, N. Y. 

TOHN H. RODDY, Charlotte, N. C. 

R. P. SCHUCHARDT, Chicago, Ill. 

S. D. SPRONG, Brooklyn, N. Y. 

PERCY H. THOMAS, New York, N. Y. 


4. Transmission 


P. W. SOTHMAN, Chairman, 
17 Battery Place, New York. 
H. W. BUCK, New York. 
C. I. BURKHOLDER, Charlotte, N. C. 
MARKHAM CHEEVER, Salt Lake City, Utah. 
V. G. CONVERSE, Niagara Falls, N. Y. 
P. M. DOWNING, San Francisco, Cal. 
O. H. ENSIGN, Los Angeles, Cal. 
G. FACCIOLI, Pittsfield, Mass. 
P. M. FARMER, New York. 
VICTOR H. GREISSER, Spokane, Wash. 
P. T. HANSCOM, San Francisco, Cal. 
JOHN HARISBERGER, Seattle, Wash, 


4. Transmission— Continued 


. HARRINGTON, Raleigh, N. C. 
. KELSCH, Montreal, P. Q. 
. LIGHTHIPE, Los Angeles, Cal. 
. LINCOLN. Pittsburgh, Pa. 
. MAHONEY, Shelburne Falls, Mase. 
. MacCALLA, Spokane, Wash. 
. McCLELLAND, New York. 
- MITCHELL, Birmingham, Ala, 
. H. PAINE, New York. 
. PHILIP, Boston, Mass. 
. S. RUFFNER, St. Louis, Mo. 
. N. RYERSON, Duluth, Minn. 
'LIAN C. SMITH, Montreal, P. Q. 
. M. WILSON, Westmount, Que. 
. A. WORCESTER, Schenectady, N. Y. 
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5. Distribution 


P. JUNKERSFELD, Chairman, 

120 West Adams Street, Chicago. Ill. 
E. J. BLAIR, Oak Park, Ill. 
W. G. CARLTON, New York. 
H. B. GEAR, Chicago, Ill. 
HAROLD GOODWIN, Philadelphia, Pa. 
P. M. LINCOLN, Pittsburgh, Pa. 
E. B. MERRIAM, Schenectady, N. Y. 
W. S. MURRAY, New Haven, Conn. 
RALPH H. RICE, Chicago, Ill. 
PHILIP TORCHIO, New York. 


6. Economics 


WILLIAM McCLELLAN, Chairman, 

141 Broadway, New York. 
E. J. CHENEY, Secretary, 

Schenectady, N. ¥ 

PARLEY G. CLARK, Toronto, Ont. 
W. S. GORSUCH, New York. 
P. JUNKERSPELD, Chicago, Ill. 
W. N. RYERSON, Duluth, Minn. 
W. 8. TWINING, New York. 


7. Engineering Date 


THOMAS, Chairman, 

2 Rector Street, New York 
N. A. CARLE, Newark, N. J. 
F. F. FOWLE, New York. 
H. M. HOBART, Schenectady, N. Y. 
L. E. IMLAY, Niagara Falls, N. Y. 
O. A. KENYON, New York. 
A S. McALLISTER, New York. 
C. S. McDOWELL, Brooklyn, N. Y. 
HAROLD PENDER, Boston, Mass. 
E. B. ROSA, Washington, D. C. 
W. S. RUGG, New York. 
C. E. SKINNER, Pittsburgh. Pa. 
C. W. STONE, Schenectady, N. Y. 


PERCY H. 
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ELECTRIC ILLUMINATION COMMITTEE. 


CLAYTON H. SHARP, Chairman, 

556 East 80th Street, New York. 
LOUIS BELL. West Newton, Mass. 
FRANK CONRAD, Swissvale, Pa. 
J. W. COWLES, Boston, Mass. 
E. P. HYDE, Cleveland, Ohio. 
A. E. KENNELLY, Cambridge, Mass. 
C. F. LACOMBE, New York. 
IRVING LANGMUIR, Schenectady, N. Y 
V. R. LANSINGH, Cleveland, Ohio. 
PRESTON S. MILLAR, New York. 
E. B. ROSA, Washington, D. C. 
W. D'A. RYAN, Schenectady, N. Y. 
G. H. STICKNEY, Harrison, N. J. 


RAILWAY COMMITTEE. 


FRANK J. SPRAGUE, Chairman, 
165 Broadway, New, York. 

E. B. KATTE, Vice-Chairman, 

Grand Central Terminal, New York. 
A. H. ARMSTRONG, Schenectady, N. Y. 
F. W. CARTER, Rugby, England. 
FREDERICK DARLINGTON, New York 
W. A. DEL MAR, New York. 
C. E. EVELETH, Schenectady, N. Y. 
W. S. GORSUCH, New York. 
HUGH HAZELTON, New York. 
E. R. HILL, New York. 
W. S. MURRAY, New Haven, Conn. 
A. S. RICHEY, Worcester, Mass. 
CLARENCE RENSHANW, Pittsburgh, Pa. 
MARTIN SCHREIBER, Newark, N. J. 
N. W. STORER, East Pittsburgh, Pa. 
B. F. WOOD, Altoona, Pa. 


COMMITTEE ON RECORDS AND 
APPRAISALS OF PROPERTIES 


W. B. JACKSON, Chairman, 

111 W. Monroe Street, Chicago, Ill. 
HAROLD ALMERT, Chicago, Ill. 
B. J. ARNOLD, Chicago, Ill. 
PHILANDER BETTS, Newark, N J. 
H. H. CROWELL, Grand Rapids, Mich. 
HENRY FLOY, New York. 
WILLIAM McCLELLAN, New York. 
H. S. PUTNAM, New York. 
PAUL SPENCER, Philadelphia, Pa. 
W. S. TWINING, New York. 
B. F. WOOD, Altoona, Pa. 


BDUCATIONAL COMMITTEE. 


H. H. NORRIS, Chairman, 
103 College Ave., Ithaca, N. Y. 
Р. C. BATES, New York. 
Q. A. DAMON, Pasadena, Cal. 
C. R. DOOLEY, East Pittsburgh, Pa. 
W. A. HILLEBRAND, Corvallis, Oregon. 
J]. P. JACKSON, Harrisburg, Pa. 
G. W. LAMKE, St. Louis, Mo. 
C. L. MEES, Terre Haute, Ind. 
J. H. MORECORTT, New York. 
A. J. ROWLAND, Philadelphia, Pa. 
ROBERT SIBLEY, San Francisco, Cal. 
CHARLES P. STEIN METZ, Schenectady, N.Y. 


[Jan. 


PUBLIC POLICY COMMITTEE. 


CALVERT TOWNLEY. Chairman, 
165 Broadway, New York 
WILLIAM McCLELLAN, Vice-Chairman, 
141 Broadway, New York. 
W.-H. BLOOD, JR.. Boston, Mass. 
H. W. BUCK, New York. 
J. J. CARTY, New York. 
C. C. CHESNEY, Pittsfield, Mass. 
JOHN H. FINNEY, Washington, D. C. 
P. JUNKERSFELD, Chicago, Ill. 


. H. A. LARDNER, San Francisco, Cal. 


L. A. OSBORNE, East Pittsburgh, Pa. 
E. W. RICE, JR., Schenectady, N. Y. 
H. G. STOTT, New York. 


PATENT COMMITTEE. 


RALPH D. MERSHON, Chairman, 
| 80 Maiden Lane, New Yo: L 
BION J. ARNOLD, Chicago, Ill. 
C. S. BRADLEY, New York. 
P. F. FOWLE, New York. 
PETER COOPER HEWITT, New York. 
JOHN Р. KELLY. Pittsfield, Mass. 
H. WARD LEONARD, Bronaville, N. Y. 
M. I. PUPIN, New York. 
A. H. TIMMERMAN, St. Louis, Mo. 
W. E. WINSHIP, Boston, Mass. 
B. F. WOOD, Altoona, Pa. 


TECHNICAL LECTURES COMMITTBE. 


w. I. SLICHTER, Chairman, 
Columbia University, New York. 
WILLIAM A. DEL MAR, Secretary, 
N. Y. C. & H. К.К.К. Co., 
Grand Central Terminal, New York. 
L. T. ROBINSON, Schencctady, N. Y. 
W. S. RUGG, New York. 
J. B. WHITEHEAD, Baltimore, Md. 


SPECIAL COMMITTEE ON ORGANIZATION 
OF TECHNICAL COMMITTEES. 


W. S. RUGG, Chairman, 
165 Broadway, New Ycrk. 
B. A. BEHREND, Boston, Mass. 
H. W. BUCK, New York. 
BANCROFT GHERARDI, New York. 
Р. S. HUNTING, Fort Wayne, Ind. 


ENGINEERING COOPERATION 
COMMITTEE. 


WILLIAM McCLELLAN, Chairman. 
141 Broadway, New York 
H. Н, BARNES, Jr., New York. 
A. W. BERRESFORD, Milwaukee, Wis. 
C. E. SCRIBNER, New York. 
8. D. SPRONG. Brooklyn, N. Y. 
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MEMBERSHIP COMMITTEE. 


А. M. SCHOEN, Chairman, 

Equitable Building. рози. ба. 
B. W. ALLEN, Chicago, Ill. 
B. A. BALDWIN, Schenectady, N. Y. 
P. J. BULLIVANT, St. Louis, Mo. 
O. B. COLDWELL, Portland, Ore. 
MAURICE COSTER, New York. 
BANCROFT GHERARDI, New York. 
À. H. LAWTON, New York. 
8. J. LISBERGER, San Francisco, Cal. 
N. J. NBALL, Boston, Mass. 
К. C. RANDALL, East Pittsburgh, Pa. 
H. CLYDE SNOOK, Philadelphia, Pa. 


CONSTITUTIONAL REVISION COMMITTEE. 


BANCROFT GHERARDI, Chairman, 
15 Dey Street, New York. 
P. L. HUTCHINSON, Secretary, New York. 
DUGALD C. JACKSON, Boston, Mass. 
P. M. LINCOLN, Pittsburgh, Pa. 
A. S. McALLISTER, New York. 
WILLIAM McCLELLAN, New York. 
W. S. MURRAY, New Haven, Conn. 
W. S. RUGG, New York. 
N. W. STORER, East Pittsburgh, Pa. 
Н. G. STOTT. New York. 
P. H. THOMAS, New York. 
CALVERT TOWNLEY, New York. 
W. D. WEAVER, Charlotteville, Va. 


U. 8S. NATIONAL COMMITTEE OF THE 
INTERNATIONAL ELECTROTECHNICAL 
COMMISSION. 


PRANCIS B. CROCKER, President, 
14 West 45th St., New York 

A. E. KENNELLY, Secretary, 

Harvard University, Cambridge, Mase 
C. A. ADAMS, Cambridge, Mass. 
FREDERICK BEDELL, Ithaca, N. Y. 
LOUIS BELL, West Newton, Mass. 
J. J. CARTY, New York. 
GANO DUNN, New York. 
CARL HERING, Philadelphia, Pa. 
H. M. HOBART, Schenectady, N. Y. 
P. JUNKERSFELD, Chicago, Ill. 
B. G. LAMME, Pittsburgh, Pa. 
J. W. LIEB, JR.. New York. 
B. B. ROSA, Washington, D. C. 
CHARLES P. SCOTT, New Haven, Conn. 
CLAYTON H. SHARP, New York. 
SAMUEL SHELDON, Brooklyn, N. Y. 
CHARLES P. STEIN METZ, Schenectady, N.Y. 
HENRY G. STOTT, New York. 
8. W. STRATTON, Washington, D. C. 
ELIHU THOMSON, Lynn, Mass. 


INDEXING TRANSACTIONS COMMITTEE. | 


GEORGE I. RHODES, Chairman, 
111 Devonshire Street, Boston, Mass. 


INSTITUTE AFFAIRS: 
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COMMITTEE ON CODE OF PRINCIPLES 
OF PROFESSIONAL CONDUCT. 


GEORGE F. SEVER, Chairman, 

13 Park Row, New York. 
H. W. BUCK, New York. 
GANO DUNN, New York. 
JOHN P. KELLY, Pittsfield, Mass. 
SCHUYLER S. WHEELER, Ampere, N. J. 


INTERNATIONAL ELECTRICAL CONGRESS, 
SAN FRANCISCO, 1918. 
EXECUTIVE COMMITTEE OF COMMITTEE 


ON ORGANIZATION 
CHARLES P. STEINMETZ, Honorary Presi- 
dent of Congress. 


E. B. ROSA, Honorary Secretary of Congress. 


H. G. STOTT, Chairman, 
600 West 59th Street, New York. 


JOHN W. LIEB, Jn., Vice-Chairman, 


C. O. MAILLOUX, Chairman, Sub-Committee 
on International Relations, 


A. E. KENNELLY, Chairman, Sub-Committee 
on Program, 

HENRY A. LARDNER, Chairman, Sub-Com- 
mittee on Pacific Coast Relations, 


H.H. BARNES, Jr., Chairman, Sub-Committee 
` on Transportation. 


GEORGE F. SEVER, Chairman, Sub-Commit- 
tee on Entertainment. 


PRESTON S. MILLAR, Secretary-Treasurer 
and Chairman, Sub-Committee on Pub- 
licity, 556 East 80th Street, New York. 


F. L. HUTCHINSON, es A. I. E. E 
(Ex-Officio). 


NEW YORK RECEPTION COMMITTEE 


A. H. LAWTON, Chairman, 

55 Duanc Street, New York. 
H. H. BARNES, JR.. New York. 
F. C. BATES, New York. 
H. M. BRINCKERHOFF, New York. 
W. G. CARLTON, New York. 
MAURICE COSTER, New York. 
D. C. DURLAND, New York. 
H. W. FLASHMAN, New York. 
HENRY FLOY, New York. 
J. W. LIEB, JR., New York. 
H. B. LOGAN, New York. 
WILLIAM McCLELLAN, New York. 
W. E. McCOY, New York. 
F. A. MUSCHENHEIM, New York. 
FARLEY OSGOOD, Newark, N J. 
F. A. PATTISON, New York. 
C. E. SCRIBNER, New York. 
GEORGE Р. SEVER, New York. 
SAMUEL SHELDON, Brooklyn, N. Y. 
S. D. SPRONG, Brooklyn, N. Y. 
PERCY H. THOMAS, New York. 
CALVERT TOWNLEY, New York. 
W. P. WELLS, Brooklyn, N. Y. 
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HISTORICAL MUSEUM COMMITTBE. 


T. C. MARTIN, Chairman, 

29 West 39th Street, New York. 
JOHN J.CARTY, New York. 
CHARLES L. CLARKE, Schenectady, N Y. 
LOUIS DUNCAN, New York. 
E. W. RICE, JR., Schenectady, N. Y. 
CHARLES F. SCOTT, New Haven, Conn. 
FRANK J. SPRAGUE, New York. 
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COMMITTBE ON RELATIONS OF 
CONSULTING ENGINBERS. 


LEWIS B. STILLWELL, Chairman, 
100 Broadway, New York, 
FRANCIS BLOSSOM, New York. 
H. W. BUCK, New York. 
GANO DUNN, New York. 
O. S. LYFORD, JR., New York. 
D. P. ROBINSON, Chestnut Hills, Maas. 


EDISON MEDAL COMMITTEE. 


Appointed by the President for terms of five years. 


Term expires July 31, 1918. 
H. W. BUCK, New York. 
J. FRANKLIN STEVENS, Philadelphia, Pa. 
F. A. SCHEFFLER, New York. 


Term expires July 31, 1916. 
FRANK J. SPRAGUE, New York. 
SCHUYLER S. WHEELER, Chairman, 
Ampere, N. J. 
W. D. WEAVER, Charlotteville, Va. 


Term expires July 31, 1917. 


A. E. KENNELLY, Cambridge, Mass. 
H. WARD LEONARD, Bronxville, N. Y. 
ROBERT T. LOZIER, New York. 


Term expires July 31, 1915 


ELIHU THOMSON, Swampscott, Mass. 
J. W. LIEB, Jr., New York. 
E. L. NICHOLS, Ithaca, N. Y. 


Term expires July 31, 1914. 


PHILIP P. BARTON, Niagara Falls, N. Y. 


J. J. CARTY, New York. 


J. G. WHITE, New York. 


Elected by the Board of Divectors from sts own membership for terms of two years. 


Term expires July 31, 1915. 


H. H. BARNES, Jr., New York. 
WILLIAM McCLELLAN, New York. 
S. D. SPRONG, New York. 


Term expires July 31, 1914. 
FARLEY OSGOOD, Newark, N. J. 
RALPH D. MERSHON, New York. 
CHARLES E. SCRIBNER, New York. 


Ex-Officio Members. 
C. O. MAILLOUX, President, New York. 


` GEORGE A. HAMILTON, Treasurer, 
Elizabeth, N. J. 


F. L. HUTCHINSON, Secretary, 
New York. 


INSTITUTE REPRESENTATIVES 


ON BOARD OF AWARD, JOHN FRITZ MEDAL. 


LEWIS B. STILLWELL, New York. 
DUGALD C. JACKSON, Boston, Mass. 


GANO DUNN, New York. 
RALPH D. MERSHON, New York. 


ON BOARD OF TRUSTEES, UNITED ENGINEERING SOCIETY. 


H. H. BARNES, Jr., New York. 


GANO DUNN, New York. 


CHARLES E. SCRIBNER, New York. 


ON LIBRARY BOARD OF UNITED ENGINEERING SOCIETY. 


SAMUEL SHELDON, Brooklyn, N.Y. 
P. B. JEWETT, New York. 


MALCOLM MacLAREN, Princeton, N f 
W. I. SLICHTER, New York. 


P. L. HUTCHINSON, New York. 
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INSTITUTE REPRESENTATIVES 


(Continued.) 


ON ELECTRICAL COMMITTEE OF NATIONAL FIRE PROTECTION ASSOCIATION. 
The Chairman of the Institute's Code Committee, Farley Osgood, Newark, N. J. 


ON ADVISORY BOARD OF AMERICAN YEAR-BOOK. 
EDWARD CALDWELL, New York. 


ON ADVISORY BOARD, NATIONAL CONSERVATION CONGRESS. 
CALVERT TOWNLEY, New York. 


ON COUNCIL OF AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE. 
W. S. FRANKLIN, South Bethlehem, Pa. G. W. PIERCE, Cambridge, Mase. 


ON CONFERENCE COMMITTEE OF NATIONAL ENGINEERING SOCIETIES. 
CALVERT TOWNLEY, New York. WILLIAM McCLELLAN, New York. 


ON JOINT COMMITTEE ON ENGINEERING EDUCATION. 
CHARLES F. SCOTT, New Haven, Conn. SAMUEL SHELDON, Brooklyn, N. Y. 


ON AMERICAN ELECTRIC RAILWAY ASSOCIATION’S COMMITTEE 
ON JOINT USE OF POLES. 


PARLEY OSGOOD, Newark, N.J. F. B. H. PAINE, New York. 
PERCY H. THOMAS, New York. 


ON NATIONAL JOINT COMMITTEE ON ELECTROLYSIS. 


BION J. ARNOLD, Chicago, Ill. j Р. N. WATERMAN, New York. 
PAUL WINSOR, Boston, Mass. 


ON JOINT COMMITTEE ON LEGISLATION RELATIVE TO REGISTERING ENGINEERS. 
WILLIAM McCLELLAN, New York. S. D. SPRONG, New York. 


ON BOARD OF MANAGERS, PANAMA-PACIFIC INTERNATIONAL ENGINEERING 
CONGRESS, 1915. 


A. M. HUNT, San Francisco, Cal. J. G. DEREMER, San Francisco, Cal. 
And the PRESIDENT and SECRETARY of the Institute. 


=, 


LOCAL HONORARY SECRETARIES. 
JAMES S. PITZMAURICE, WILLIAM G. T. GOODMAN, 
G. P. O. Perth, Australia. Adelaide, South Australia. 


GUIDO SEMENZA, ROBERT JULIAN SCOTT. 
N. 10, Via S. Radegonda, Milan, Italy. Christ Church, New Zealand. 


L. A. HERDT, McGill University, Montreal, Que. HENRY GRAFTIO. St. Petersburg, Russia. 


CLARE P. BBAMES, RICHARD O. HEINRICH, 
Bangalore, Mysore Province, India. Genest-str. 5 Schoeneberg, Berlin, Germany. 


A. S. GARFIELD, 67 Avenue de Malakoff, Paris, France. 
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LIST OF SECTIONS 


Revised to January 1, 1914. 


Name and when Organized 


Atanta..........Jan. 
Baitimore........Dec. 


mE ud 


Chicago..... РРР 


Cleveland........Sept. 


Detroit Ann Arbor.Jan. 


Fort Wayne......Aug. 


19, '04 


16, '04 


13, '03 


.1893 


21, '07 


13, '11 


14, '08 


indiansgelis-Lafayette . Jan. 12, '12 


Ithaea...........Oct. 
Los Angeles.. 
Lysa............Aug. 


Madison.........Jan. 


Mexico..........Dec. 


Philadelphia...... Feb. 


Portland, Ore..... May 


San Francisco..... 
Schenectady..... 
Seattie........ 
8t. Louis.........]an. 
Spokane......... Feb. 
Tolede...........June 


.Jan. 


... Jan. 


Toronto.......... Sept. 


15, '02 


oe. May 19, '08 


22, '11 


8, '09 


13, '07 


11, '10 


7, '02 


. 10,713 


18, '03 


. 13, "02 


. 25, '04 


18, '09 


Dec. 23, '04 


26, '03 
19, '04 
14, '03 
14, °13 

8, '07 
30, '03 


Urbana..........Nov. 25, "02 
Vancouver.......Aug. 22,711 


Waeshiagten, D. C. Apr. 
Total, 30. 


9, '03 


Chairman 
A. M. Schoen. 
J. B. Whitehead. 
N. J. Neall 
D. W. Roper. 
J. C. Lincoln. 
A. R. Sawyer. 
T. W. Behan. 
O. S. More. 
E. L. Nichols. 
E. R. Northmore. 
E. R. Berry. 
Edward Bennett. 
Norman Rowe. 
L. E. Bogen. 


W. Т. Ryan. 


Edward Schildhauer. 


A. R. Cheyney. 
A. M. Dudley. 
J. J. Frank. 
G. P. Nock, 


A. H. Griswold. 
George H. Hill. 

S. C. Lindsay. 

F. J. Bullivant. 
J. B. Fisken. 
George E. Kirk, 
D. H. McDougall. 
Morgan Brooks. 
E. M. Breed, 

H. C. Eddy. 


Secretary 


. M. Keys, 
Southern Bell Tel. & Tel. Co., Atlanta, Oa. 


L. M. Potts, 
Industrial Building, Baltimore, Md. 


Leavitt L. Edgar, 
39 Boylston eot. Boston, Mase. 


E. W. Allen, 
1028 Monadnock Building, Chicago, Ill. 


R. E. Scovel, 
1663 East 86th Street, Cleveland, Ohlo. 


Ray K. Holland, 
Cornwall Building, Ann Arbor, Mich. 


P. H. Haselton, Fort Wayne Electric Works. 
Ft. Wayne, Ind. 


G. B. Schley, 
805 Pythian Building, Indianapolis, Ind. 


George S. Macomber, 
Cornell University, Ithaca, N. Y. 


С. G. Pyle, 
914 Hibernian Bldg., Los Angeles, Cal. 


J. A. McManus. Jr., 
General Electric Co., Lyan, Mase. 


P. A. Kartak, 
Univ. of Wisconsin, Madison, Wis. 


James Carson, 
Mexican Light and Power Company, 
Mexico City, 
A. J. Goedgen, 


‘lwaulcee Electric Ry. and Lt. Co., 
Milwaukee, Wis. 
Fred G. Dustin, 


9 South Fifth St., Minneapolis, Minn. 


W. H. Rose, 
Gatun. Canal Zone. 


H. F. Sanville, 
1326 Chestnut St., Philadelphia, Pa. 


E. R. Spencer 
814 Frick Building, Pittsburgh, Pa. 


G. W. Wade, 
General Electric Company, Pittsfield, Mese. 


R. F. Mon 
G. E. Cos "Electric Building, Portland, Ore. 


A. G. Jones, 

819 Rialto Building, San Francisco, Cal. 
John R. Hewett, 

Gen. Elec. Co., Schenectady, N. Y. 


> of Washington, Seattle, Wash. 
A. НА то: 
Emerson Electric Mfg. Co., St. Louls, Me. 
. B. Peirce, 
Box 1436, "Spokane, Wash. 


exioo. 


Max Neuber, 
Care of Cohen, Freidlander & Menin, 
H. T. Case Toledo, O. 


i Continental Life Bldg.. Toronto, Ont. 
. 1S 

University of Illinois, Urbana, Ill. 
L. G. Robinson, 

1003 Holden Building, Vancouver, B. C. 
C. B. Mirick, 


1302 N Street, N.W., Washington, D. C. 
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LIST OF BRANCHES 


Revised to January 1, 1914. 


Name and when Organized 


Agricultural and Mechanical 
College of Texas....... Nov. 12, 09 | D. B. Pickens. E. Pu Rack, š 
. & M. College, College Station, Tez. 
Arkansas, Univ. of....... Mar. 25, '04 | S. S. McGill. M. B. Коуз, 


Univ. of Arkansas, Fayetteville, Ark. 


Armour Institute... .....Feb. 26, 04 | E. L. Nelson, T. C. Bolton, 
Armour Inst. Tech., Chicago, Ш. 


Bucknell University...... May 17,10 | P. O. Schnure. J. M. Hillman, 
Bucknell University, Lewisburg, Pa. 
California Univ. of....... Feb. 9,'12 | Charles Z. Yost, | L. E. Rushton, 
University of California, Berkeley, Cal. 
Cincinnati, Univ. of...... Apr. 10, '08 | John H. Stewart. | J. S. Bishop. 
2345 Kemper Lane, Cincinnati, Ohio. 
Clemson Agricultural Col- 
lJego................. Nov. 8,'12 | F. J. Jervey. F. H. McDonald. 
Clemson College, S. C. 
Celorado State Agricul- . | 
tural College.......... Feb. 11, '10 | Robert O. Sewell. | R. K. Havighorst, 
Colorado State Agncitond Сон 
Fort Collins, Co 
Colorado, Univ. of. ...... Dec. 16, '04 | L. E. Sweitzer. Frank A. Redding. 


University of Colorado, Boulder, Colo. 


Highland Park College..Oct. 11,'12 | E. B. Williams. Ralph R. Chatterton 
Highland Park College, Des Мошов, 


оза. 
lowa State Colloge....... Apr. 15, '03 | Earle G. Nicnols. | F. A. Robbins 
Iowa State College, Ames, Iowa. 
lewa, Univ. of........... May 18, '09 | J. H. Scanlon. ` | A. H. Рог 
лл of Iowa, Iowa City, Ia. 
Kansas State Agr. Col....]an. 10, 08 | C. A. Leech. W. C. Lane, 
Kansas State Agric. Col., Manhattan, 
an. 
Kansas, Univ of......... Mar. 18, '08 | H. C. Hansen. L. M. Bocker, 


Univ. of Kansas, Lawrence, Kan. 


Kentucky, Stato Univ. of.Oct. 14, '10 | H. B. Hedges. H. Tyler Watts, 
315 East Maxwell Street Lexington, Ky 


Lafayette College........ Apr. 5,'12 | G. P. Ellis. V. À. Davison, 
Lafayette College, Baston, Pa. 


Lehigh University....... Oct. 15, 02 | W. B. Todd. G. Forster, 
; : Lehigh University, 8. Bethlehem, Pa. 


Lewis Institute.......... Nov. 8, 07 | Ralph Kilner. A. H. Fensholt, 
Lewis Institute, Chicago, Ill. 


Maine, Univ of.......... Dec. 26, '06 | Howard O.Burgess| J. a com Ober, 
S. A. E . House, Orono, Maine. 


Michigan Univ of........ Mar. 25, 04 | Р.Н. Evans. W. B. Kopfer, 
616 Church Street, Ann Arbor, Mich. W 


Missouri, Univ of........Jan. 10, ‘03 | H. B. Shaw. E. W. Kellogg 
9 Engineering Building, Columbia, Me, 


Montana State Cel....... Мау 21, 07 | Max W. Kenck. |). A. Thaler 
Montana "State College, Bozeman, Moat 
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LIST OF BRANCHES—Continued. 


Name and when Organized 


Nebraska, Univ of.......Apr. 10, '08 
Now Hampshiro Col.....Feb. 19, '09 
d Mech мо. rh Feb. 11, °10 
О hio Northern Univ..... Feb. 9,'12 
Ohio Stato Univ... .. ... Dec 20. '02 
ka ech. C oll. ан 13, '11 
Oklahoma, Univ of....... Oct. 11, '12 
Orogon Agr. Col........ . Mar. 24, '08 
Oregon, Univ. of........ Nov. 11, '10 
Penn State College...... Dec. 20, '02 
Purdue Univ............ Jan. 26, 03 
Roneselaer Poly. Inst. ... Nov. 12, 09 
Rose Polytechnic Inst... . Nov. 10, °11 
Rhode Island State Coll. . Mar. 14, '13 
Stanford Univ........... Dec. 13, '07 
8yracuse Univ.......... Feb. 24, '05 
Texas, Univ. of .........Peb. 14, '08 
Tg toes оа оч 
Univ. of Washington..... Dec. 13, '12 
Vermont, Univ. of....... Nov. 11, '10 
Virginia, Univ. of...... ..Feb. 9, °12 
Wash., State Coll of...... Dec. 13, '07 
Washington Univ........ Feb. 26, '04 
Wercester Poly. Inst..... Mar. 25, '04 
Yale University........ ..Ос%. 13,111 


| A. P. Little, 


Chairman Secretary 


V. L. Hollister, 
Station A, Lincoln, Nebraska 


Clayton W. Work, 
New Hampshire "College, Durham,N.H. 


Olin J. Ferguson. 


Wm. H.Browne,Jr.| James Fontaine, 


West Raleigh, N. C. 


George E. Boesger| Harry Restofski, 
Ohio Northern University, Ada, Ohlo. 


L. R. Yeager. John M. Strait. 

Ohio State Univ., Columbus, Ohio. 
Quentin Graham, 

416 Hester Street, Stillwater, Okla. 


R. D. Evans. L. J. Hibbard, 
Univ. of Oklahoma, Norman, Okla. 
A. O. Mangold. I. L. Olmsted, 


Oregon Agric. Col., Corvallis, Ore. 


C. R. Reid, C. H. Van Duyn, 

Univ. of Oregon, Eugene, Oregon. 
T. A. Jones. A. D. Shultz, 

State College, Pa. 
C. F. Harding. A. N. Top 


Purdue nee еу, Lafayette, Ind. 


W. J. Williams, 
Rensselaer Poly. Institute, Troy, N. Y. 


Charles F. Harris., Claude A. Lyon, 
1331 Liberty Avenue, Terre Haute, Ind. 


E. D. N. Schulte. 


Harry Webb. P. M. Randall, Rhode Island State 
College, Kingston, R. I. 

G. O. Wilson. L. M. Bussert 
Stanford University. Cal. 

W. P. Graham. R. A. Porter 
Syracuse "University; Syracuse, N. Y. 

J. A. Correll. Joseph W. Ramsey, 


University of Texas, Austin, Tez. 


R. W. Parkinson, 
Throop Poly. Institute, Pasadena, Cel. 


Charles A. Stanwick, 
Univ. of Washington, Seattle, Wash. 


^ Krup 
5 North Bend St., Burlington, Vt. 


Walter S. Rodman| Henry Woodman Clark, 
A. X. P . House, University, Virginia. 


H. V. Catpenter, 
State Col of Wash., Pullman, Wash. 


C. C. Hardy, 
Washington University, St. Louie, Mo. 


W. C. Blanchard.| Harry B. Lindsay, 
Worcester Poly. Inst., Worcester, Maes. 
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Ray Gerhart. 
A. P. Newbury. 


Walter L. Upson. 


M. K. Akers. 


R. D. Duncan, Jr. 


ones. 
anderbilt-Sctentific, 
New Haven, Cena, 


R. G. Warner. 


Total, 47. 
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A. I. E. E. Midwinter Cone 
vention 


The Second Annual Midwinter Con- 
vention of the A. I. E. E. will be held 
in the Engineering Societies Building, 
New York, February 25th to 27th, 1914. 

The Convention will be under the 
auspices of the Electric Power Com- 
mittee, and each of the six technical 
sessions at the convention will be de- 
voted to one of the sub-committees 
into which the Electric Power Com- 
mittee is divided. 

The registration headquarters of the 
Institute during the convention will 
be in the lobbv of the Engineering 
Societies Building and members and 
guests are requested to register there 
on their arrival at the building. 

As ample hotel accommodations are 
available in the neighborhood of In- 
situte headquarters, no special hotel 
arrangements have been made; also no 
special transportation rates are avail- 
able. 
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Тһе complete list of papersandreports 
to be presented at the convention is 
given in the following program: 


PROGRAM 


Reprints of the papers to be presented 
at the Convention will be available 
without charge and will be distributed 
at registration. headquarters. All of 
the papers except Nos. 1, 12, 14 and 15, 
are printed in this issue of the PROCEED- 
INGS. 


Wednesday, February 25 
10:00 A. M. 
OPENING SESSION 


The Convention will open Wednes- 
day morning with an introductory ad- 
dress by President C. O. Mailloux, 
after which the following papers and 
reports will be presented. 

1. Electric Power, by D. B. Rushmore 
and E. A. Lof. 

2. Sub-Committee Report—Scope of 
the Engineering Data Sub-Com- 
mittee, P. H. Thomas, Chairman. 

3. Sub-Committee Report — Гле Feasi- 
bility of an A. I. E. E. Handbook, 
Harold Pender, Chairman. 


2:00 P. M. 
POWER STATION SESSION 


4. Protective Reuctances in Large 
Power Stations, by James Lyman, 
Alen M. Rossman, and Leslie 

. L. Perry. 

5. Outdoor versus Indoor Substations, 
by Alexander Macomber. 

6. Indoor and Outdoor Substations in 
Pennsylvania, by H. L. Fullerton. 

7. Outdoor Substations in New Eng- 
land, by Fred L. Hunt. 

8. Outdoor Substations in the Middle 
West, by Leshe L. Perry. 

9. Suggestions for Discussio non Elec- 
trical Features of Power Station De- 
sign, by A. H. Kruesi. 


7:30 P. M. 
Organization dinner, International 
Electrical Congress. See the notice 


which follows this program. 
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Thursday, February 26 


10:00 A. M. 
TRANSMISSION SESSION 


10. Sub-Committee Report—Problems 
of High-Tension Transmission Lines 
—with four appendixes—P. W. 
Sothman, Chairman. 

Appendix 1. Deterioration of 
Porcelain Insulators іп Service, 
by J. A. Brundige. 

Appendix 2. Radius of In- 
fluence of a Direct Lighting Stroke, 
by L. C. Nicholson. 

Appendix 3. Transmission Line 
Problems іп the West, by P. M. 
Downing. 

Appendix 4. Switching, by G. 
Faccioli. 

11. Practical Operation of Suspension 
Insulators, by H. W. Buck. 


2:00 P. M. 
POWER GENERATION SESSION 


12. The Economical Capacity of a Com- 
bined Hydroelectric and Steam 
Power Plant, by C. T. Hutchinson. 


8:30 Р.М. 


Meeting оп International Electrical 
Congress, San Francisco, 1915, under 
the auspices of the Committec on Organ- 
ization of International Electrical Con- 
gress. 


Friday, February 27 


10:00 A.M. 
DISTRIBUTION SESSION 
13. Sub-Committee Report—Distribu- 


Поп of Electrical Energy—with 
nine appendixes—P. Junkersfeld, 
Chairman. 


Appendix 1. Three-Wire D-C. 
Distribution, by Philip Torchio. 
Appendix 2. Alternating - Cur- 
rent Distribution, by II. B. Gear. 
Appendix 8. [fect of Consumers’ 
Apparatus and Wiring on Distri- 
bution, by H. Goodwin. 

Appendix 4.  Direcl- Current. Dis- 
tribution for Surface Railiways,— 
Urban Service, by R. H. Rice. 
Appendix 5.  Direct- Current Dis- 
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tribution for Underground and 
Elevated Ratlways, by E. J. Blair. 
Appendix 6.  Direct- Current Dis- 
tribution for Interurban and Steam 
Ratlroads, by W. G. Carlton. 
Appendix 7. Alternating-Curren! 
Distribution for Interurban and 
Steam Railroads, by W. S. Mur- 
ray. 

Appendix 8. The Relations of Dis- 
tribution Problems and Switch- 
ing Equipment, by E. B. Merriam. 
Appendix 9. Distribution for Street 
Lighting Service, by P.M. Lincoln. 


2:00 P.M. 
PROTECTIVE APPARATUS SESSION 
14. Recording Devices, by C. P. Stein- 


metz. 
15. High-Frequency Relays, by E. E. Е. 
Creighton. 
8:00 Р.м. 
Informal reception and entertain- 


ment, details of which will be announced 
later. 


Organization Dinner, Inter. 
national Electrical Congress 


— — 


On Wednesday evening, February 25, 
during the midwinter convention of 
the American Institute. of Electrical 
Engineers, the organization dinner 
of the International Electrical Congress 
will be held at the Engineers’ Club, 
West Fortieth Street, New York City. 
Plans will be discussed for the congress, 
which is to be convened at San Francisco 
in September, 1915, during the Panama- 
Pacific Exposition. At the time of the 
dinner, an opportunity will also be 
given for the executive committee to 
report its progress on arrangements to 
the general Congress Committee, and 
a world-wide campaign for members 
will be launched. Invitations to be 
present at the organization dinner will 
be issued to members of the Congress 
Committee, to members of committees 
of the American Institute of Electrical 
Engineers, and to officers of the In- 
stitute and its Sections. 
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Special Trains to International 
Electrical Congress, San Franoe 
| cisco, 1915 


Plans are already well under way for 
onc or more special trains from the East 
to San Francisco in connection with 
the International Electrical Congress 
to be held in that city in September, 
1915. The trains themselves will rep- 
resent the last word in safety and com- 
fort, while their itineraries will be laid 
out to include the finest scenery in the 
country. 

The tentative program, which at a 
later date will be submitted in detail 
to the engineers of the United States 
and other countries for an expression 
of their individual preferences, includes 
a round trip of about 30 days' duration, 
with stops in Chicago, Colorado Springs, 
Salt Lake City, San Francisco, Santa 
Barbara and Los Angeles. At each 
one of these places, special arrangements 
wil be made by local committees for 
the comfort and entertainment of the 
members of the party. 

Other features of the trip will be the 
Royal Gorge. the Feather River 
Canyon, and a four-day visit to the 
Yellowstone National Park on the wav 
out, with a 24-hour stop at the Grand 
Canyon on the way home. 

Should the demand justify it, a special 
train will also be provided from Chicago 
straight through to San Francisco to 
take care of those with whom time is 
a prime consideration. 

The transportation committee of the 
Congress is further considering the 
possibilities of marine transportation 
by way of the Panama Canal. There 
appears to be a considerable demand 
for this, especially if satisfactory ar- 
rangements can be made for combining 
the land and water features. 


The International Engineering 
Congress of 1915 


Under the auspices of the American 
Society of Civil Engineers, the American 
Institute of Mining Engineers, the 
American Society of Mechanical En- 
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gineers, the American Institute of 
Electrical Engineers and the Society of 
Naval Architects and Marine Engineers, 
there will be convened at the Panama- 


Pacific International Exposition, in 
1915, an International Engineering 
Congress. 


Engineers in all parts of the world 
have signified their intention of attend- 
ing, and the delegation from Great 
Britain promises to be large in point 
of numbers and great in distinction. 

The presidents and secretaries of the 
five organizations above named, to- 
gether with cighteen other members, 
constitute the official body which will 
assemble and conduct the congress. 
Colonel George W. Goethals, chief 
engineer of the Isthmian Canal Commis- 
sion, has consented to act as honorary 
president of the Congress, and will 
be in attendance in San Francisco when 
the celebration is held commemorating 
the completion of this great enginecring 
achievement. The vice-presidents of 
the Congress will be selected from the 
most distinguished engineers of all the 
nations and with the president will form 
a body of men of the highest standing 
in the world of engineering. 

The week of September 20-25, 1915, 
will be the time of the sessions of the 
International Engineering Congress, 
and the proceedings of the meetings will 
be preserved in permanent book form. 
These volumes will contain the papers 
contributed to the congress by eminent 
engineers and will embrace in their 
scope every line of engineering activity. 

The executive offices of the congress 
are in the Foxcroft Building, San Fran- 
cisco, where the following officers of the 
committee are located: W. F. Durand, 
chairman; W. A. Cattell, secretary- 
treasurer; E. J. Dupuy, executive secre- 
tary. The following are the chairmen 
of the sub-committees: C. F. Rand, 
Participation; W. F. Durand, Execu- 
tive; W. G. Dodd, Finance; A. M. Hunt, 
Papers; W. A. Cattell, Publicity; 
E. H. Benjamin, Local Affairs. 

A tentative scheduleof generalsessions 
has been formulated and the following 
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sections will be considered: 1. The 
Panama Canal. 2. Waterways and 
Irrigation. 3. Railways. 4. Municipal 
Engineering. 5. Materials of Engincer- 
ing Construction. 6. Mechanical Engi- 
neering. 7. Electrical Engineering. 8. 
Mining Engineering. 9. Naval Archi- 
tecture and Marine Engineering. 10. 
Military Engineering. 11. Miscella- 
neous. 

Each of these sections will hold in- 
dependent sessions during the congress. 
Such joint sessions as may be deemed 
advisable will also be called. On ac- 
count of the International Electrical 
Congress to be held September 13 to 18, 
1915, :ust prior to the International En- 
gineering Congress, the activity of the 
latter in the field of electrical engi- 
neering, assigned to Section 7, will be 
limited to consideration of the points 
of contact between electrical engineering 
and other enginecring phenomena and 
work. 


Educational Committee 


The Educational Committee of “the 
Institute is devoting its energy to sev- 
eral interesting lines of work, all of 
which will be announced in due time. 
At present the cooperation of the mem- 
bers of the Institute is desired in as- 
sisting the Committee in securing all 
possible information regarding efforts 
being made at vocational training in 
different parts of this country and 
abroad, particularly as they relate to the 
electrical industry. 

This coöperation might take 
or more of the following forms: 

(1) Suggestions as to vocational de- 
velopments to be studied; school, college, 
industrial, public utilities. 

(2) Data regarding the above. 

(3) Suggestions to leaders in these 
movements that they send information 
to the Committee. 

Communications should be addressed 
to Henry H. Norris, the chairman of 
the Committee, at Institute head- 
quarters, in care of Secretary Tutchin- 
son. 


one 
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Library Hours Lengthened 


It has been suggested to the Library 
Board of the United. Engineering So- 
ciety that nine o'clock in the evening 
is too early an hour at which to close 
the library in the Engineering Socicties 
Building, New York, which includes 
the individual libraries of the American 
Institute of Mining Engineers, the 
American Society of Mechanical En- 
gineers, and the American Institute of 
Electrical. Engineers. 

To test the effect of extending the 
hours, the executive committee of the 
Board has voted to keep the library 
open until ten o'clock during January, 
February and March. 


Directors’ Meeting, January 9, 
1914 


The regular monthly meeting of the 
Board of Directors of the Institute 
was held at 33 West 39th Street, New 
York, on Friday, January 9, 1914. 

There were present: President C. O. 
Mailloux, New York; Past-Presidents 
Gano Dunn and Ralph D. Mershon, 
New York; Vice-Presidents A. W. 
Berresford, Milwaukee, Wis., W. S. 
Murray, New Haven, Conn., and Н. 
H. Barnes, Jr., New York; Managers 
F. S. Hunting, Fort Wayne, Ind., 
W. S. Lee, Charlotte, S. С., N. W. 
Storer, Pittsburgh, Pa., Farley Osgood, 
Newark, N. J., C. A. Adams, Cambridge, 
Mass., J. Franklin Stevens, Philadel- 
phia, Pa., Wiliam B. Jackson, Chicago, 
m., William McClellan, New York, 
H. A. Lardner, San Francisco, Cal., 
B. A. Behrend, Boston, Mass., L. T. 
Robinson, Schenectadv, N. Y.; Treas- 
urer George A. Hamilton, Elizabeth, 
N. J.; and Secretary F. L. Hutchinson, 
New York. 

The action of the Finance Committee 
in approving monthly bills amounting 
to $7,838.64 was ratified. І 

Ороп the recommendation of the 
Board of Examiners, the Board of Di- 
rectors transferred seven members of 
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the Institute to the grade of Fellow 
and twelve to the grade of Member, 
elected four applicants as Members 
and 74 as Associates, and ordered the 
enrolment of 94 students, in accordance 
with the lists printed in this issue of the 
PROCEEDINGS. 

The report of the Constitutional 
Revision Committec expressing its 
general sentiment that the best interests 
of the Institute will be served by not 
initiating this year any amendments 
to the Constitution, was read and ac- 
cepted, with the understanding that 
the committee will formulate its rc- 
commendations of minor changes re- 
ferred to in its report, for the use of any 
future similar committec. 

President Mailloux stated that at 
the conference which took place in 
London last fall between the represen- 
tatives of the Institute and the Institu- 
tion of Electrical Engineers the sugges- 
tion was made that a Conference Com- 
mittee be appointed to deal with all 
matters on which and regarding which 
concerted action between the two so- 
cicties might be desirable. The matter 
was referred by Mr. Mailloux to the 
Standards Committee of the Institute, 
which committee recommended that 
a Conference Committee of three, with 
alternates, should be appointed by 
the President, to confer with a corres- 
ponding committee of the I. E. E. In 
accordance with this recommendation, 
the following members were appointed 
as the Institute's representatives and 
alternates on the proposed committee: 
A. E. Kennelly, H. M. Hobart, E. B. 
Rosa, C. A. Adams, and C. O. Mailloux, 
ex-officio. 

Mr. H. H. Barnes, Jr., was unani- 
mously reappointed by the Board as 
one of the Institute's three representa- 
tives on the Board of Trustees of the 
United Enginecring Society, for the 
term of three years ending on the fourth 
Thursday of January, 1917. 

The Secretary announced that in 
accordance with Section 21 of the In- 
stitute By-laws, President Mailloux 
would become a member of the John 


INSTITUTE AFFAIRS 45 


- 


Fritz Medal Board of Award on the 
third Friday of January, vice Past- 
President Lewis B. Stillwell, whose 
term expires on that date. 


A. I. E. E. Meeting in New York 
January 9,1914 


The 290th meeting of the Institute, 
in the auditorium of the Enginecring 
Societies Building, New York, January 
9, 1914, was held as a joint meeting 
of the American Institute of Elec- 
trical Engineers and the New York 
Sections of the American Electro- 
chemical Society and the American 
Society of Mechanical Engineers. The 
subject for consideration was ‘ powcr 
problems in the electrolytic deposition 
of metals.” | 

President С. O. Mailloux, calling the 
meeting to order at 8:25 p.m., said that 
such an opportunity was not often 
presented for discussing a problem in- 
volving different kinds of technical 
and engineering knowledge in a joint 
meeting of three technical engineering 
societies. He then called upon the 
authors to present their papers, 
which were given in the following 
order: ''Limitations of the Problem 
of Electrolytic Deposition,” by Mr. 
Lawrence Addicks, of the American 
Electrochemical Society; “ The Power 
Problem in the Electrolytic Deposition 
of Metals," by Mr. H. E. Longwell, of 
the American Society of Mechanical 
Engineers; and ‘Sources of Direct 
Current for Electrochemical Processes,” 
by Mr. F. D. Newbury,of the American 
Institute of Electrical Engincers. 

Those who took part in the discussion 
were: Messrs. H. B. Coho, G. A. Roush, 
F. A. Lidbury, F. L. Antisell, J. B. F. 
Herreshoff, J. B. Herreshoff, C. O. Mail- 
loux, Lawrence Addicks, C. H. Vom 


Baur, H. E. Longwell, and F. D. 
Newburv. 


The meeting was then adjourned to 
the rooms of the Institute on the tenth 
floor, where light refreshments were 
served to the members of the three 
socicties and their guests. 


46 PROCEEDINGS OF A.L. E. E. 


Recommended for Transfer, 
January 6, 1914 


The Board of Examiners, at its regu- 
lar monthly meeting on January 6, 1914, 
recommended the following members of 
the Institute for transfer to the grades 
of membership indicated. Any objec- 
tion to these transfers should be filed 
at once with the Secretary. 


To THE GRADE OF FELLOW 
HENDERSON, S. E. M., Electrical Engi- 
neer, Canadian General Electric Co., 
Peterboro, Ont. 
WILDER, CLIFTON W., Electrical En- 
gineer, Public Service Commission, 


New York, N. Y. 


TO THE GRADE OF MEMBER 
ADAMS, JULIAN, Assistant Electrical 
Superintendent, Pacific Electric Rail- 
way Co., Los Angeles, Cal. 
ADLER, M. G., Chief Draftsman, Los 
Angeles Aqueduct Power, Los Ange- 
les, Cal. 
BERTHOLD, MARTIN, Chief Engineer, 
Imperial Electric. Co., Akron, Ohio. 
BurrERS, J. H., Engineer in chief, 
Hydro-Electric Power & Metallurgi- 
cal Co. Ltd., Hobart, "Tasmania. 


Transferred to the Grade of 
Fellow January 9,1914 


The following were transferred to the 
grade of Fellow of the Institute at the 
mecting of the Board of Directors on 
January 9, 1914. 

ALLEN, C. E., Assistant Manager, D. & 
S. Dept., Westinghouse E. & M. Co., 
East Pittsburgh, Pa. | 

BERREsFORD, ARTHUR W., Vice-Presi- 
dent and General Manager, Cutler- 
Hammer Mfg. Co., Milwaukee, Wis. 

CONN, CHARLES F., Assistant Manager, 
J. G. White Engincering Corp., San 
Francisco, Cal. 

GRISSINGER, ELwoop, Consulting Elec- 
trical and Mechanical Engineer, 
Buffalo, N. Y. 

ÓH ARDING, CHARLES FRANCIS, Professor 
Electrical Engineering and Director, 
Electrical Laboratories, Purdue 
University, Lafayette, Ind. 
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LoziER, ROBERT TEN Eyck, Vice- 
President General Manager, Central 
Service Corp. New York, М.Ү. 

TAYLOR, JOHN BELLAMY, Engineer, 
Foreign Dept., General Electric Co., 
Schenectady, N. Y. 

Total, 7. 


Transferred to the Grade of 
Member January 9, 1914 


The following Associates were trans- 
ferred to the grade of Member of the 
Institute at the meeting of the Board 
of Directors on January 9, 1914. 


DwicHT, HERBERT BnisTOL, Electrical 
Engineer, Canadian Westinghouse 
Co., Hamilton, Ont. 

GUNBY, FRANK M., Special Assistant 
with Charles T. Main, Engineer, 
Boston, Mass. 

HARRIES, GEORGE HERBERT, President, 


Louisville Gas & Electric Co., 
Louisville, Ку. 
KENNEDY, MATTHEW С., Electrical 


Engineer, United Gas Improvement 
Co., Philadelphia, Pa. 

KROGER, FRED H., Radio (Wireless) 
Engineer, National Electric Signaling 
Co., Brooklyn, N. Y. 

MCDOWELL, CLYDE STANLEY, Lieuten- 
ant, U. S. Navy, Navy Yard, New 
York. N. Y. 

MULLEN, JAMES |, Vice-President, 
Moloney Electric Co., St. Louis, Mo. 

PARKER, LINDSAY R., Engineer of Sta- 
tions, Toronto Hydro-ElectricSystem, 
Toronto, Ont. 

Scott, Wirt S., Electrical Engineer, 
Westinghouse E. & M. Co., East 
Pittsburgh, Pa. 

SMITH, HAROLD Hooper, Chief of Rce- 
search Dept., Edison Storage Battery 
Co., Orange, N. J. 

Way, Asa P. Electrical Engineer, Ameri- 
can Railways Co., Philadelphia, Pa. 
WYMAN, WALTER SCOTT, Treasurer & 

General Central Maine 
Pwr. Co., Augusta, Me. 
Total, 12. 


Manager, 
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Members Elected January 
9, 1914 


EAMES, CHARLES H., Principal, Lowell 
Textile School, Lowell, Mass. 

Ford, HENRY H., Vice-President, Mc- 
Carthy Bros. & Ford, Buffalo, N. Y. 

SAXON, Louis, Electrical Engineer, 
Atlantic Gas & Electric Co., 25 Broad 
St., New York, N. Y. 

vaN Пүк, J. W., Managing-Director, 
Lindeteves-Stokvis, Amsterdam, Hol- 
land. 


Associates Elected January 9, 
1914 


ALDWORTH, EDWARD L., Waddell Mfg. 
Co.; res., 448 Fulton St., S. E., 
Grand Rapids, Mich. 

ATKINSON, KERR, Instructor in Electri- 
cal Engineering, University of Mis- 
souri, Engineering Building, Colum- 
bia, Mo. 

ATKISSON, ШЕСТ. EARL J., Director 
of Electrical and Mechanical En- 
gineering, Engineer School, Washing- 
ton Barracks, Washington, D. C. 

BILLINGSLEY, F. N., Electrical Engi- 
neer, Transformer Dept., General 
Electric Co.; res., 54 Bartlett Ave., 
Pittsfield, Mass. 

BRENNAN, W. D., Assistant General 
Manager, Union Pacific Coal Co., 
Cheyenne, Wyo. 

Broom, BENJAMIN A., Mechanical & 
Electrical Engineer, with William L. 
Steele, 400 United Bank Bldg., Sioux 
City, Iowa. 

Burr, Harry L., Electrical Inspector, 
New York, Westchester & Boston 
R. R.; res., 253 DeKalb Ave., Brook- 
lyn, N. Y. 

ButcHer, A. M., General Foreman of 
Erection, Hydro-Electric Station, 
Gatun, Canal Zone. 

BuTTERWORTH, ALLAN C., Electrical 
Draughtsman, Oliver Iron Mining 
Co., Duluth, Minn. 

Carr, WALTER DEL., Construction En- 
gineer, United Gas Improvement Co., 
Broad & Arch Sts., Philadelphia, 
Pa. 
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CHENEY, M. Epwarp, Electrical En- 
gineer, Washington Surveying & 
Rating Bureau, 459 Colman Bldg., 
Seattle, Wash. 


CLEVELAND, WILLIAM D., Supcrinten- 
dent, Telephone & Telegraph, Oregon 
Electric Railway Co.; res., 291 West 
Park St., Portland, Ore. 

CONNALLY, JAMES G. M., Electrician, 
Western Canada Power Co., Carter 
Cotton Bldg., Vancouver, B. С. 

CONNELL, Epwin L., Electrical Engi- 
neering, Wagner Electric Mfg. Co.; 
res., 5702 Vernon Ave., St. Louts, Mo. 

DERSHEM, ELMER, Student Engineer, 
Test Dept., General Electric Co.; res., 
108 Victory Ave., Schenectady, N. Y. 

DEXTER, Harris E., Student Engineer, 
General Electric Co., Schenectady, 
N. Y. 

Dover, ALFRED T., Chief Assistant 
Lecturer in Electrical. Engineering, 
Battersea Polytechnic, London, Eng- 
land. 

DucHARME, FRANCIS LEONARD, Elec- 
trical Draughtsman, Stone & Web- 
ster Engineering Corp.; res., 25 
Dalton St., Boston, Mass. 

Duncan, McKee, Electrical Engineer, 
Duncan, Young & Pressey, Inc., 50 
Church St., New York, N. Y. 

EDGELL, W. T., JR., Electrical Engineer, 
General Electric Co.; res., 45 Linden 
St., Pittsfield, Mass. 

ELFTMAN, J. D., Chief Engineer, St. 
Joseph Railway, Light, Heat & Power 
Co., St. Joseph, Mo. 

EvERETT, FRANCIS Dewey, Enginecr, 
Westinghouse, Church, Kerr & Co.; 
res., 356 W. 57th St., New York, 
N. Y. 

FAwELL, T. A., Electrical Engineer, 
Drafting Dept., General Electric Co.; 
res., 833 Locust Ave., Schenectady. 
N. Y. 


FiELD, Horace H., Superintendent, 
Connecticut Power Co., 33 Union St., 
New London, Conn. | 

FisukER, Ковккт B., Electrical Engi- 
necer, Consulting Enginecring Dept., 
General Electric Co.; res., 702 Camp- 
bell Ave., Schenectady, N. Y. 
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FRANK, CROSBY FIELD, Consulting 
Engincering Dept., General Electric 
Co.; res., 143 Lafayette St., Schenec- 
tady, N. Y. 

FRYER, HERBERT, Sales Engineer, Bab- 
cock & Wilcox Co., 35 Federal St., 
Boston, Mass. 

GOEBERT, ELMER C., Assistant Civil 
Service Examiner; res., 1713 W. Erie 
Ave., Philadelphia, Pa. 

GRIFFITHS, L. C., Consulting Telephone 
Engineer, Aurora, Ill. 

HaAGGAN, E. A., Editor, Mining, Епрі- 
neering and Electrical Record, 1104 
Dominion Building, Vancouver, B. C. 

HARBIN, GEORGE F., Associate Profes- 
sor of Electrical Enginecring, The 
Catholic University of America; res., 
11 Seventh St. S. E., Washington, D.C. 

HEBBERT, C. E., Engineering Assistant, 
Public Service -Electric Co., Newark; 
res., 16 Carlton Place, Passaic, N. J. 

HELMREICH, L. W., Head of Electrical 
Dept., Ranken Mechanical School, 
St. Louis, Mo. 

HENTz, ROBERT A., Assistant, Station 
Construction Dept., Philadelphia 
Electric Co.; res., 4615 Sansom St., 
Philadelphia, Pa. 

HILLEGASS, HERBERT H., Instructor in 
Electrical Engineering, Delaware Col- 
lege, Newark, Del. 

HuLL, FREDERICK D., Telephone De- 
velopment Engineer, Western Elec- 
tric Co., Chicago, Ill. 

HuMPHREY, H. K., Assistant Consult- 
ing Engineer, Consulting Engincering 
Dept., General Electric Co., Schenec- 
tady, N. Y. 

Нстсніхе, RICHARD A., Designing 
Engineer, Railway Motor Engineer- 
ing Dept., General Electric Co.; res., 
328 Glenwood Blvd., Schenectady, 
N. Y. 

Iro, KEur, Assistant Professor, Tokyo 
Technical College, Tokyo, Japan. 

KANTORWITZ, HARRY, Draftsman, 
Light & Development Co. of St. 
Louis; res., 3955 Hartford St., St. 
Louis, Mo. 

KERRICK, HARRISON S., Coast Defense 
Artillery Enginecr, U. S. Army, Fort 
Hamilton, Brooklyn, N. Y. 
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KNurz, WILL H., Electrical Inspector, 
Public Service Co. of Northern Il- 
linois, 1721 West End Ave., Chicago 
Heights, Ill. 

Kou, GEorGE H., Electrical Engincer, 
Ritchie, Agnew & Co., Prince Rupert, 
B. <; 

KurNER, S. D., Inspector, Testing 
Dept., N. Y. C. & H. R. R. R. Co; 
res., 600 W. 165th St., New York, 
eis 

LAMOREE, C. D., Sales Engineer, West- 
inghouse Electric & Mfg. Co., 811 
I. N. Van Nuys Bldg., Los Angeles, 
Cal. 

LINDAHL, CARL ROBERT, Assistant 
Superintendent, Peninsular Power 
Co., Iron River, Mich. 

LockE, DEAN jJ., Assistant Engineer 
with А. S. Richey, Worcester Poly- 


technic Institute, Worcester; res., 
Sturbridge, Mass. 
LoHsE, ALFRED C., Works Engineer, 


Whitman & Barnes Mfg. Co.; res., 
9973 Throop St., Chicago, Ill. 

LonG, CARL C., Station Superintendent, 
Utah Power & Light Co., Grace, 
Tdaho. 

MILLER, Lorin G.. Massachusetts In- 
stitute of Technology; res., 261 New- 
bury St., Boston, Mass. 

Міттас, ALBERT H., Electrical En- 
ріпест, Consulting Engineering Dept., 
General Electric Co.; res., 448 McClel- 
lan St., Schenectady, N. Y. 

MONTSINGER, V.M., Electrical Engineer, 
General Electric Co., Pittsfield, Mass. 

Moore, Howanp J., Chief Electrician, 
Newbury Steel Works, American 
Steel & Wire Co., Cleveland, Ohio. 

OAKES, ARCHIE, Electrical Engineer, 
American Electrical Heater Co., 1351 
Woodward Ave., Detroit, Mich. 

OTTMAN, ROBERT E., Engineer, Cutler- 
Hammer Mfg. Co., Milwaukee, Wis. 

PaAscoE, Howanp N., with А. S. Richey, 
Worcester Polytechnic Institute, Wor- 
cester, Mass. 

PENN, MARION, Student Engineer, 
Testing Dept., General. Electric Co.; 
res., 711 Nott St., Schenectady, N. Y. 
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RENNIE, WALTER M., Draftsman, 
with Gardner S. Williams; res., 1341 
Wilmot St., Ann Arbor, Mich. 

SCHAEFER, CLARENCE C., Engineering 
Dept., Department of City Transit; 
res, 1920 W. Somerset St., Phil- 
adelphia, Pa. 

Spratt, W. C., Designing Engineer, 
Railway Engineering Dept., General 
Electric Co.; res., 1 State St., Schen- 
ectadv, N. Y. 

STEERE, Lucius EsEK, JR., Assistant to 
Manager, Service Dept., Wagner 
Electric Mfg. Co.; res., 6158 Gamble- 
ton Place, St. Louis, Mo. 

SwoBODA, H. O., Consulting Electrical 
and Mechanical Engineer, Pittsburgh; 
res, 327 Locust St., Edgewood, 
Pittsburgh, Pa. 

THIELE, Ernest J., Railway & Trac- 


tion Engineering Dept., General 
Electric Co.; res., 431 Smith St., 
Schenectadv, N. Y. А 


THOMPSON, ALEX. C., Foreman of Erec- 
tion, Chapman & Walker, Ltd., Rich- 
mond St., Toronto, Ont. 

Тіуеу, J. P., Engineer, 
Traction Engineering Dept., General 
Electric Co., Schenectady, N. Y. 

Trott, ALFRED, Erecting Dept., Can- 
adian Westinghouse Co.; res., 2200 
ith Ave. W., Vancouver, В. C. 

WALKER, ALBERT S., Assistant Resi- 
dent Enginecr, G. T. P. Ry. Co. Dry 
Dock, Prince Rupert, B. C. 

Warp, ARTHUR THOMAS, Experimental 
Chemist, U. S. Metals Refining Co., 
Chrome, N. J. 

WARD, JOSEPH Evans, Electrical En- 
gineer, Railway Equipment Engineer- 
ing Dept., General Electric Co.; res., 
841 Union St., Schenectady, N. Y. 

WENGER, THEODORE L., Efficiency En- 
gineer, Engineering Supervision Co.; 

res., 250 Manhattan Ave., New York, 
N. Y. 

WHEELER, FREDERICK S., Electrical 
Engineer, Railway & Traction En- 
gineering Dept., General Electric Co., 
Schenectady, N. Y. 

Хоормам, F. W., Assistant Superin- 
tendent, Winnipeg Electric Ry. Co., 
Pinawa, Man., Canada. 


Railway & 
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WoosTER, Roy N., Engineer, Con- 
struction Engineering Dept., General 
Electric Co.; res., 702 Campbell Ave., 
Schenectady, N. Y. 

YouNG, CHARLES N., Student Engi- 
neer, Testing Dept., Gencral Electric 
Co.; res., 110 Nott Terrace, Schen- 
ectady, N. Y. 

Total 74. 


Applications for Election 


Applications have been received by 
the Secretary from the following candi- 
dates for election to membership in the 
Institute. Unless otherwise indicated 
the applicant has applied for admission 
as an Associate. If the applicant has 
applied for direct admission to a higher 
grade than Associate, the grade follows 
immediately after the name. Any 
member objecting to the election of any 
of these candidates should so inform 
the Secretary before February 28, 1914. 
Alum, J., Dunedin, N. 2. 

Atkinson, O. C., Gatun, C. Z. 
Bahlmann, E. F., Milwaukee, Wis. 
Barker, C. M., Worcester, Mass. 
Beaver, J. L., Philadelphia, Pa. 

Blair, F. W., New York, N. Y. 
Boyer, R. H., Pittsfield, Mass. 
Bradley, H. C., Ft. Wayne, Ind. 

Broe, A. L., Harrison, N. J. 
Brownell, R. A., Lincoln, Nebr. 
Brunt, A. E., Pittsburgh, Pa. 
Buchaca, E.J. (Member), Syracuse, N.Y. 
Bundy, E. S., Solvay, N. Y. 
Chapp, J. J. Chicago, ПІ.» 
Christensen, C. P., Kalispell, 
Code, A. G., Hamilton, Ont. 
Cooke, M. T., Jr. (Member), Phila., Pa. 
Cowles, R. R., Oakland, Calf. 

Cox, W. N., Philadelphia, Pa. 

Cully, W. L. New York, N. Y. 
Curtner, D. L., Lafayette, Ind. 
Dickson, W.S. (Member), NewYork,N.Y 
Diesem, L. C., Schenectady, N. Y. 
Dimock, A. H., Seattle, Wash. 

Dinter, H. A., Hico, Texas. 

Dowey, T. L., New York, N. Y. 
Dresser, S. R., New York, N. Y. 
Dye, I.W. (Member), Pedro Miguel,C.Z. 
Elliott, S. S., Corozal, С. Z. 


Mont. 
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Ellwanger, E., Chicago, Ill. 
Erdmann, M. H., New York, N. Y. 
FitzGerald, F. A. J. (Member), Niag- 
P ara Falls, N. Y. 

Foersterling, F. J., Peoria, Ill. 

Foote, A. H., Chicago, Ill. 

Francis, L. L., Kansas City, Mo. 
Fukagawa, K., Formosa, Japan. 
Gaines, S. N., E. Pittsburgh, Pa. 
Gardiner, T. B., Miraflores, C. Z. 
Garrett, J. H., Corozal, C. Z. 
Giroux, R. M., Schenectady, N. Y. 
Goodman, M. D., New York, N. Y. 
Grauer, J. G., Philadelphia, Pa. 

Gray, H. J., Vancouver, B. C. 
Graybill, J. H., Pittsburgh, Pa. 
Hagenlocher, E., New York, N. Y. 
Hague, F. T., Pittsburgh, Pa. 
Haines, J. M., Wilkes Barre, Pa. 
Hanson, E. C. A., Saskatoon, Sask. 
Harding, G. (Member), Spokane, Wash. 
Harger, C., Iron Mountain, Mich. 
Hatch, R. S., Chicago, Ill. 

Heaton, H. C. (Member), Chicago, Ill. 
Hirdler, F. C., Oklahoma City, Okla. 
Hobson, A. J., Gatun, C. Z. 
Hollingsworth, G.R.,Pedro Miguel,C.Z. 
Holloway, F. J. H., Sydney, Australia. 
Holmes, H. A., Newport, R. I. 
Jackson, N., Philadelphia, Pa. 
Jefferson, W. H., Milwaukee, Wis. 
Juncker, E. W., Curimeo, Mich., Mex. 
Kemp, H. D., Boston, Mass. 
Kendall, R. T., Jackson, Mich. 
Kennedy, H.J. (Member),Seattle, Wash. 
King, E. E., Los Angeles, Cal. 

King, G. A., Newark, N. J. 

King, R. P., Newark, N. J. 
Klippel, F. H., Tonopah, Nev. 
Kollock, G. J., Atlanta, Ga. 

Lee, C. K., Bowling Green, Mo. 
Leeper, J. P., Pittsburgh, Pa. 

Leslie, W. T., Montreal, Quebec. 
MacTavish, H. J., Toronto, Ontario. 
Man, G. A., Cleveland, Ohio. 
Maxwell, M., Schenectady, N. Y. 
McDonald, E. C., Pedro Miguel, C. Z. 
McMillan, F. O., Schenectady, М. Y. 
Merriman, H. O., Hamilton, Ont. 
Moore, J., Seattle, Wash. 

Munroe, R. B., Provo, Utah. 
Newton, W. L., Pasadena, Cal. 

Nutt, A. M., Pittsburgh, Pa. 
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Parker, G. C., Toronto, Ont. 
Parker, H. V., Gatun, C. Z. 
Perry, O. M., Windsor, Ont. 
Phillips, C. E., Norwood, Ohio. 
Porter, J. B., (Member), Phila., Pa. 
Prescott, R. D., Panama City, Panama. 
Randolph, H. F. (Member), Pittsburgh, 
Pa. 
Rinehart, O. B., Ft. Wayne, Ind. 
Robinson, P. W., Schenectady, N. Y. 
Schwegmann, J. F., Tyler, Tex. 
Shanklin, S., Philadelphia, Pa. 
Shaw, C. L., Manton, Calif. 
Shoester, G. W., Camden, N. J. 
Sjoblom, A. T., Corozal, С. Z. 
Sylvester. W., West Allis, Wis. 
Thomas, B. F. Jr., Webster Groves, Mo. 
Tramm, W. H., Ann Arbor, Mich. 
Wallace, J. N. (Member), Antwerp, 
Belgium. 
Warner, E. M., Washington, D. C. 
Watson, H. L., West Lynn, Mass. 
Weiss, F. C., Birmingham, Ala. 
Welch, G. R., Corozal, C. Z. 
Wells, C. J., Milwaukee, Wis. 
Williams, W. J. (Member), Shanghai, 
China. 
Zengerle, J. C., New York, 
Total 106. 


N. Y. 


Students Enrolled January 9, 
1914- 


— — ——ə 


6226 Casler, W. B., Univ. of Mlich. 
6227 Crawford, W. E., Univ. of Mich. 
6228 LaFever, H. H., Univ. of Mich. 
6229 McCabe, G. B., Univ. of Mich. 
6230 Baits. S. G., Univ. of Mich. 
60231 Loughead, R. C., Univ. of Mich. 
6232 Ely, H. B., Univ. of Mich. 


6233 Moon, F. L., Univ. of Mich. 
6234 Perry, L., Univ. of Mich. 
6235 Kuebler, E. G., Univ. of Mich. 


6236 Groetzinger,C., Case Sch. App- Sci. 
6237 Harmount,H.S.,CaseSch. App. Sci. 
6238 Burgess, P.W.,WorcesterPoly.Inst. 
6239 Rumbaugh,R.M.,CaseSch.App.Sci 
6240 Arps, E. J., Univ. of Wisconsin. 
6241 Raitt, C. C., Univ. of Cincinnati. 
6242 Hadley, D. J., McGill Univ. 
6243 Lloyd, A. M., Ohio State Univ. 
6244 Wohrley, J. R., Ohio State Univ. 
6245 Shamel, F. R, Ohio State Univ. 
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6246 Levitin, B., Ohio State Univ. 
6247 Randall, H. K., Ohio State Univ. 


6248 Smith, A., Ohio State Univ. 


6249 Huff, J., Ohio State University. 
6250 Pyle, T. H., Ohio State Univ. 
6251 Ganschow, L. W.,OhioStateUniv. 
6252 Barrett, W. M., Ohio State Univ. 
6253 Foster, W. H., Oregon Agri. Coll. 
6254 Corkins, V. G., Oregon Agri. Coll. 
6255 Marx, L.,.Oklahoma A. & M. Coll. 
6256 Wortman, R.B.,Okla.A.&M.Coll. 
6257 Wood, R. A., Okla. A. & M. Coll. 
6258 Brown, O. C., Okla. A. & M. Coll. 
6259 Graham, Q., Okla. A. & M. Coll. 
6260 Brooks, J. C., Worcester PolyInst. 
6261 Wells, A. R., Univ. of Toronto. 
6262 Ferguson, R.S.,Throop Coll.Tech. 
6263 Gregg, P. F., Iowa State Coll. 
6264 Hudson, W. F., Iowa State Coll. 
6265 Kelly, C. M., jr., Univ. of Maine. 


6266 Krug, F., Cooper Union. 


6267 Shanly, W.E.,Univ.ofWashington. 
6268 Grossbord, S., Univ. of Colorado. 
6269 Chaudhuri, D. K., Univ.of Wash. 
6270 Burns, А. H., Worcester Poly.Inst. 
6271 Ornauer, R. A., Univ. of Colorado. 
0272 Mahoney, W. L., Univ. of Minn. 
0279 Anderson, С. W., Univ. of Репп. 
6274 Anderson, R. T., Univ. of Penn. 


2275 Beck, C. J., Univ. of Penn. 
Es Butler, H., Univ. of Penn. 
0277 Cleeland, R., Univ. of Penn. 


1. Fernandes, J. М., Univ. of Penn. 
249 Grosner, G. D., Univ. of Penn. 


6280 Leech, R. W., Univ. of Penn. 


6281 McAfec, W. K., Univ. of Penn. 
McLeeman, J.C.E.,Univ.of Penn. 
Poalk, J. L., Jr., Univ. of Penn. 
6285 Ritter, R. W., Univ. of Penn. 
259 Salles, J. de A., Univ. of Penn. 


6282 
6283 
6284 


6286 S 

iZ 
6288 
6289 | 
6290 


6292 K 


E. Baker, A. D., Univ. of Mich. 
; Braistel, L., Univ. of Mich. 
Bice, W. L., Univ. of Mich. 


um Miller, G. E., Univ. of Mich. 


6298 Brush, S. R., Univ. of Mich. 


> 9Winge, W. S., Univ. of Penn. 
'Mmermann,J.Jr.,Univ. of Penn. 
| Zimmermann, W.J. „Univ. of Penn. 
Twin, R. E.,-Case Sch. App. Sci. 
не c atthews, R.G.,Univ.of Toronto. 

ampbell, H. A., Univ.of Toronto. 
ewin, G. E., Univ. of Toronto. 


Stubbs, H. W., Univ. of Mich. 
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60299 Mowrer, C. E., Univ. of Mich. 
6300 Marshall, E. T., Univ. of Mich. 
6301 Vernor, W. M., Univ. of Okla. 
6302 Clark, R. W., Univ. of Okla. 
6303 Karcher, J. C., Univ. of Okla. 
6304 Martin, G. D., Univ. of Okla. 


6305 Dunbar, R. E.,CarncgieInst. Tech. 
6306 Smith, H. M., Case Sch. App. Sci, 
6307 Gardner, C. W., CaseSch.App.Sci. 
6308 Darland, A. F., Univ. of Wash. 
6309 Fowler, W. D., McGill University. 
6310 Webster, A., Montana State Coll. 
6311 Gabree, J. V., Wentworth Inst. 
6312 Diamant, N. S., Union Coll. 
6313 Evans, D. L., Jr., Stanford Univ. 
6314 Ward, B. E., Stanford Univ. 
6315 Bradford, W. M. Stanford Univ. 
6316 Burbeck, W. B., Stanford Univ. 
6317 Hardy, C. C., Wash. Univ. 
6318 Sweet, L. M., Wash. Univ. 
6319 Rader, R., Univ. of Wash. 


Past Section Meetings 


CHICAGO 

A joint meeting of the Electrical 
Section, Western Society of Engineers, 
and Chicago Section, A. I. E. E., was 
held Monday evening, November 24, 
1913. The meeting was called to order 
bv Mr. D. W. Roper, chairman of the 
Chicago Section A. I. E. E., with about 
fifty members and guests in attendance. 

A paper was presented by Mr. L. B. 
Andrus, on “ Testing of Horizontal 
Low-Head Water Turbines.” Discus- 
sion followed by various members. 


The next meeting of the two organiza- 
tions was held Monday evening, Decem- 
ber 29, with about 40 members and 
guestsin attendance. Mr. H. W. Young 
presented a paper on “ Moderate Capac- 
ity Outdoor High-Tension Substa- 
tions," illustrated by lantern slides. А 
discussion followed, by Messrs. Win- 
gard, Perry, Jackson, Roper, Lloyd, 
Cravath, Gear, Allen and others. 


DETROIT-ANN ARBOR 
The subject of public utilities was 
discussed at a meeting of the Detroit- 
Ann Arbor Section held in the Physics 
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Building, University of Michigan, Ann 
Arbor, Mich., on December 5. The 
program was so arranged that the papers 
would present two controversial sides 
of the question. The meeting was 
highly successful, there being about 178 
people present, including representa- 
tives of a number of public utility cor- 
porations who had been invited in order 
that they could present their side of 
the matter. 

The papers presented were as follows: 
“Factors Determining а Reasonable 
Charge for Public Utility Service,” by 
Mortimer E. Cooley, dean of the en- 
gineering department, University of 
Michigan; “ Financial versus Engineer- 
ing Estimate of the Value of a Public 
Utility,” by George W. Patterson, pro- 
fessor of electrical engineering, Univer- 
sity of Michigan. The discussion was 
participated in by the following: Messis. 
Lawton T. Hemans, chairman of the 
Michigan State Ratlroad Commission, 
Gardner S. Williams, consulting en- 
ріпсег; G. M. Welch, commercial super- 
intendent of the Michigan State Tele- 
phone Company; A. D. Spencer, chief 
Statistician of the Edison Electric Il- 
luminating Company of Detroit; and 
Robert B. Rifenberick, engineer, De- 
troit United Railways. 


Los ANGELES 

The Los Angeles Section held a mect- 
ing on December 29, 1913, when no 
formal papers were presented, the oc- 
casion being devoted to an inspection of 
automatic and manual telephone plants. 

The members and guests, to the num- 
ber of 96, met first at the main exchange 
of the Home Telephone and Telegraph 
Company, which is one of the largest 
automatic exchanges in the country. 
The plant system was explained by Mr. 
L. W. Kellar, the chief engineer, and 
his assistants. 
2 The party then went to see the main 
exchange of the Pacific Telephone and 
Telegraph Company, where the plant 
is entirely manual, and were enter- 
tained in like manner by Mr. Dix, 
chief engineer, and his staff. 
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The members expressed their appre- 
ciation of this opportunity to study the 
two types of plant, and voted it one of 
the most interesting meetings the Sec- 
tion has held. 


LYNN 

Mr. E. R. Barry, the chairman, 
opened the meeting of the Lynn Section 
on December 17, introducing Professor 
H. E. Clifford, professor of electrical 
engineering at Harvard University. 
Professor Clifford's subject was '' Sym- 
pathetic Vibrations, with Some Electri- 
cal Applications.” He had had appara- 
tus installed for the purpose of illustra- 
ting his remarks, and the points brought 
out, with the assistance of this appara- 
tus, were made clear to all present. 

Professor Clifford began by calling 
attention to two classes of waves, the 
traveling and the standing or stationary. 
The first may be induced by a variety 
of causes, but is always of momentary 
duration. On the other hand, the sta- 
tionary wave is of longer duration and 
is the result of a certain definite cause 
and in its electrical form may cause 
trouble often of a serious or dangerous 
nature. He showed how a standing 
sound wave could be established by the 
use of tuning forks of the same pitch, 
the vibration being communicated from 
one to the other and continuing after 
the one struck first had been dampened. 
However, when the vibrations were 
communicated to a fork of different 
pitch, although some response could be 
gotten by forcing the impact, this re- 
sponse was of short duration. 

Another interesting experiment was 
illustrated by means of a score of glass 
balls, showing that the same kind of 
impulse given to the first in the row 
was always slower at the end of the linc. 
Resonators were shown which responded 
to sympathetic waves, but to other 
waves, not in tune, refused to give out 
their keynote. 

The svmpathetic flame was of great 
interest to the audience. This was 
a gas flame about 18 inches high, which, 
while not sensitive to ordinary musical 
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tones, was markedly affected by certain 
sounds, especially bv the note produced 
by striking upon metal with a hammer. 
seme of the metal bars used gave out 
Vibrations beyond the range of the hu- 
man car. Professor Clifford. showed 
bow waves could be produced by me- 
chanical means, and for this purpose 
brought into use several arrangements 
of pendula, rubber tubes, etc. The 
lecturer followed his illustrations by an 
explanation of the analogy between the 
phenomena shown and the electrical 
disturbances which are manifested when 
electrical waves are set up in apparatus 
while in operation, and showed how 
the same characteristics were true of 
both the mechanical and electrical 
Waves. 

This meeting was held in Burdett 
Hall, and was attended by 189 members 
and visitors. 


At the next meeting of the Section, 
on January 12, the speaker was Pro- 
fessor E. E. F. Creighton of Union 
University, Schenectady. 


Professor Creighton began his lecture . 


With a brief synopsis of waves, stating 
that the electrical are very much simpler 
than the sea waves, but because we are 
so familiar with the latter, they excite 
little interest. He drew a sharp dis- 
tinction between a surge and a series 
of waves, illustrating this by means of 
charts and the usual long spiral spring. 
By means of his wave motion machine, 
the composition of two traveling waves 
II» à standing wave was clearly shown. 
The production of a standing electri- 
cal wave was then shown by means of 
à vertical glass cylinder wound with 
wire, which was made to oscillate by 
connection with an ordinary oscillation 
“reut. The voltage along the cylinder 
was read by means of a neon tube, which 
Божей at different brilliancies for the 
. voltages, The sine wave form 
{+ 42. making the tube follow 
| ts Where it was just on the point 
Ж 127 The nodes and peaks of 
ҚА | | "Ing wave were clearly shown, 
Y changing the inductance of the 
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surge circuit, different frequencies. were 
impressed which caused standing waves 
of different lengths. 

Professor Creighton. then took up 
lightning arresters, expliined their func- 
tion and went into details concerning 
the operation of the principal tvpes. 
The recently developed — oscillation 
transformer for testing insulators was 
used to impress artificial lightning upon 
an insulator, which became covered 
with corona. A multigap lightning 
arrester was then connected, relieving 
the insulator of the brush discharge, 
and finally an aluminum lightning ar- 
rester, which took the entire discharye 
noiselessly. 

The harmlessness to human life of 
these high-frequency discharges was 
shown by Mr. Creighton's assistant, 
Mr. C. Field Frank, who took the dis- 
charge for several minutes through his 
body, making contact with a pair of 
pliers held about two inches from one 
terminal. The frequency of this dis- 
charge was about 200,000 cycles, and 
the voltage was sufficient to jump a 12- 
inch needle gap. 

The meeting was held at the General 
Electric Company's works at West 
Lynn, and was attended by 267 mem- 
bers and 75 visitors. 


MILWAUKEE 
The Milwaukee Section held a mect- 
ing on December 10, at which Mr. 
Arthur J. Sweet presented a paper en- 
titled “ An Analysis of Street Lighting 
Requirements." 


Chairman L. E. Bogen presided, 
and the total attendance was 142. 


The meeting was held at the Plankinton 
House. 


MINNESOTA 

The regular monthly meeting of the 
Minnesota Section was held at the 
main engineering building of the Uni- 
versity of Minnesota, on Monday, 
December 15, 1913. 

The first paper of the evening was 
entitled “ New Developments in Trans- 
mission Line Practise and Equipment ” 
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bv Mr. К. А. Lundquist, consulting 
engineer, author of '' Transmission Line 
Construction." This paper presented 
the state of the art down to the present 
time. 

The next paper was entitled “ Line 
Disturbances and Protection from Elec- 
trical Storms," by Mr. Lincoln Nissley, 
enginecr of the H. M. Byllesby Com- 
pany. This paper presented a vast 
amount of new material for considera- 
tion and contained many valuable data 
secured during the storm at Hugo, 
Minnesota, on July 4, 1913. 

Chairman W. T. Ryan presided, and 
the total attendance was 48. 


. PANAMA 

The initial meeting of the Panama 
Section was held at the Hotel Tivoli, 
Panama, on December 7, 1913. There 
were 38 present, of whom 25 were In- 
stitute members. Mr. W. R. McCann 
acted as temporary chairman, and Mr. 
R. H. Whitehead as temporary secre- 
tary. 

A letter from Secretary. Hutchinson 
was read, dated October 15, 1913, trans-' 
mitting a notification of the authoriza- 
tion of the Panama Section by the Board 
of Durectors of the Institute. The 
temporary chairman then called for 
nominations of officers. Mr. Edward 
Schildhauer, Fellow of the Institute, 
was unanimously clected chairman, and 
presided during the rest of the mecting. 
The other officers were then elected, 
unanimously, as follows: vice-chairman, 
E. E. Lee; secretary-treasurer, W. H. 
Rose; executive committee, F. C. Clark, 
W. R. McCann. Hartley Rowe. 

A resolution was passed, empowering 
the chairman to appoint a committee 
of three to draw up by-laws for the Sec- 
tion. It was the consensus of opinion 
that a separate committee on papers 
should be formed, subordinate to the 
executive committee. After further 
discussion of plans, the meeting ad- 
journed. 


The second meeting of the Panama 
Section was held on the afternoon of 
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January 4, in the Lock Model Room at 
Ancon, with a total attendance of 34. 

Chairman  Schildhauer announced 
that Mr. W. H. Rose had declined to 
act as secretary-trcasurer of the Section. 
Mr. W. R. McCann was thereupon 
elected to that office, and Mr. A. B. 
Kratz was elected as a member of the 
executive committee, vice Mr. McCann. 
The committce on by-laws reported a 
draft, which was adopted, with minor 
modifications, as the by-laws of the 
Section. 

Mr. William Baxter delivered a lec- 
ture on the Panama Canal and the 
models exhibited in the Model Room. 
Mr. Warren E. Hoffman then abstracted 
the paper on Operation of Transmission 
Lines, by Lee Hagood, published in 
the December, 1913, PROCEEDINGS. 
The subject was discussed by Messrs. 
Whitehead, | McCann,  Sechildhauer, 
Rowe, Lee, Clark, Ovalle, Grier, Ely 
and others. 


PHILADELPHIA 

A mceting of the Philadelphia Section 
was held on November 10, 1913, at the 
Engineers' Club, with 82 members and 
visitors attending. Chairman A. R. 
Cheyney announced the appointment 
of chairmen of committees, as follows: 
Meetings and Papers, W. F. James; 
Educational, Professor George А. 
Hoadley; Public Policy, J. F. Stevens; 
Telephone and "Telegraph, H. Moura- 
dian; Electrophysies, H. Clyde Snook; 
Membership, Hugh Leslie; Railway, 
W. C. Kerr; High-Tension Transmis- 
sion, Harold Goodwin; Power Station, 
Paul Spencer; Industrial Power, Kern 
Dodge; Electrochemical, Professor Carl 
Hering; Relations of Consulting En- 
gineers, Charles E. Bonine; Sections, 
H. A. Hornor; Entertainment and So- 
ciability, L. J. Costa; Finance, George 
Ross Green; Publicity, Mr. Tracy. 

The subject of the evening, “Тһе 
Classical-Scientific vs. the Purely Tech- 
nical Course for the Electrical 4 Engi- 
necr," was opened by a paper presented 
by Dr. Howard McClenahan, followed 
by papers by Professors R. H. Fernald 
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and Arthur J. Rowland. A discussion 
followed, in which Professors Hoadley, 
Kershner, Rittenhouse, Ives, Fernald, 
Rowland and Messrs. Leeds and Traut- 
wine took part. 


The Section held a meeting on Jan- 
uary 12, at the Engincers' Club. Chair- 
man А. R. Cheyney presided, and the 
total attendance was 110. 

The subject of the evening was 
" Coupled Circuits, or the Problem of 
the High-Frequency "Transformer in 
Wireless Telegraphv," presented by 
Dr. W. S. Franklin. Dr. Franklin's 
lecture was illustrated by models, ex- 
periments and lantern slides. 


PITTSBURGH 


The Pittsburgh Sections of the A. I. 
E. E. and the Illuminating Engineering 
Society held a joint meeting on Decem- 
ber 12, 1913, in the auditorium of the 
Engineers’ Society of Western Pennsyl- 
vania, in the Oliver Building. The 
presiding officers were Messrs. A. M. 
Dudley and C. J. Mundo, chairmen of 
the two Sections. 

Three papers were presented by 
central station engineers, asfollows: 
“А Problem in Boulevard Lighting," 
by J. M. Froelich, a description of the 
first tungsten system of boulevard 
lighting in Pittsburgh; '' Variables in 
Street Lighting,” by J. F. Martin, 
4 service paper discussing factors 
Which make up successful street il- 
lumination; and “Some Aspects of 
Free Lamp Renewals,” by T. F. Camp- 
bell, an outline of the policy of central 
Stations in regard to free lamp renewals, 
and the present policy as to free tung- 
stens, 

The meeting proper was preceded by 
an informal talk by Mr. W. A. Darrah 
of the Westinghouse Electric and Manu- 
facturing Company, on some funda- 
ае technical considerations of 11- 
CR The following men con- 
$ se to the discussion: Messrs. 
Muller, Swoboda, Magdsick, Hower, 
Hurley, Pinkerton, Turpin, Chillas, 
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Bright, Darrah, Rolph, Doane, Cotton, 
Keeting and E. C. Stone. . 

The total attendance at the meeting 
was 125. 

PITTSFIELD 

The third meeting of the Pittsfield 
Section was held on Thursday, Novem- 
ber 20, 1913, at the Berkshire Athen- 
aeum. Mr. F. W. Peek, Jr., of the 
consulting engineering department of 
the General Electric Company, gave a 
talk on the subject of “ Some High- 
Voltage Engineering Problems.” Mr. 
Peek discussed the dielectric circuit and 
mechanism of breakdown in gaseous, 
liquid and solid insulations. Among 


the problems of high-voltage enginecr- 


ing discussed were the breakdown 
caused by addition of stronger insula- 
tions, the limitations imposed upon 
transmission voltages by line and ap- 
paratus, transient voltages and their 
effects, and the sphere gap as a means of 
measuring high voltages. 

Chairman John J. Frank presided at 
this meeting, which was attended by 
40 Institute members and 50 local 
members of the Section. 


The fourth meeting of the Pittsfield 
Section was held at the Berkshire Athen- 
acum on Wednesday, December 10. 
'The speaker of the evening was Mr. P. 
Junkersfeld of the Commonwealth Edi- 
son Company of Chicago, who took as 
his subject, “Тһе Responsibilities of 
Electric Power Companies.” Mr. Jun- 
kersfeld brought with him a number of 
extremely interesting lantern slides, 
showing graphically the various activ- 
ities of the Commonwealth Edison 
Company, as well as other power com- 
panies in Illinois. 

Chairman Frank presided, and the 
total attendance was 105. 


— 


The fifth meeting of the 1913-1914 
season of the Pittsfield Section was held 
in the Berkshire Athenaeum on Fri- 
day, January 2. The speaker of the 
meeting was Mr. John B. Taylor, who 
until recently was the engineer of the 
foreign department of the General 
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Electric Company, but is now engaged 
in consulting work. The subject of 
Mr. Taylor's talk "Color. Pho- 
tography," which illustrated. bv 
a large number of color slides which 
proved to be of great interest. 
These shdes showed in detail the con- 
struction of the various kinds of plates 
used in this work, as well as the results 
which may be obtained by their means. 

Chairman Frank presided, апа the 
total attendance was 83. 


Was 
was 


oT. Lovis 

A meeting of the St. Louis Section was 
held at the Engineers Club of St. Louis 
on the evening of December 10, 1913. 
This was the cighty-sixth meeting of 
this Section. Chairman F. J. Bullivant 
presided. There were present 18 mem- 
bers and 39 guests. 

The speaker of the evening was Mr. 
H. W. Eales, assistant engineer of thc 
clectrical department of the Union 
Electric Light and Power Company of 
St. Louis. Mr. Eales gave a descrip- 
tion of “ The Utilization of Keokuk 
Water Power by the Union Electric 
Light and Power Company." Several 
lantern illustrations added to the inter- 
est of the paper. А brief discussion 
followed. 


OCHENECTADY 

The Schenectady Section held a mect- 
ing on December 5, 1913, in the Edison 
Club Hall, at which the attendance was 
275, including 25 visitors. Chairman 
Gy. H. Hill presided. 

Dr. E. Weintraub presented а 
paper on “ Boron," illustrated with ex- 
periments and lantern slides, and treat- 
ing of the peculiar electrical characteris- 
tics of boron. Many useful applications 
were suggested. 


The next meeting was held on De- 
cember 16 in the same place, with 
Chairman Hill presiding, and the total 
attendance was 400. 

Mr. W. L. R. Emmet presented a 
paper entitled. “ Power from Mercury 
Vapor," 1n which he described a process 
by which the power output from heat 
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energy тау be increased by nearly 50 
per cent over the best practise in modern 
steam plants. Тһе subject was further 
discussed by Dr. Ernst J. Berg and Mr. 
D. B. Rushmore. 


The 136th meeting of the Schenéctady 
Section was held on January 6, at the 
same place. 

The speaker was Mr. А. E. Ellis, who 
gave a lecture on “ The Use of the 
Microscope in Science and Industry,” 
illustrated with lantern slides. This 
was followed by a few remarks by Mr. 
John B. Taylor, on the pleasure to be 
derived from the use of the microscope. 

А demonstration was then piven, 
over fifty microscopes with exhibits 
having been provided for the use of 
those present. Mr. Tavlor also demon- 
strated his projecting microscope. 

Chairman Hill presided, and the total 
attendance was 275. 


SEATTLE 

The Seattle Section held a meeting on 
December 16, 1913, at the Chamber of 
Commerce. Chairman J. D. Ross pre- 
sided, and the total attendance was 
28. 

The paper of the evening was read bv 
Mr. John R. King, entitled “ Electri- 
cally Driven Vehicles," giving an in- 
teresting comparison of the various 
tvpes and methods of operation. The 
paper was illustrated with stereopticon 
slides and was discussed at some length 
by Mr. Higgins and Mr. Wing, auto- 
mobile men of Seattle, as well as Messrs. 
Lindsay, Howes, Ross and other In- 
stitute members. 


SPOKANE 

The Spokane Section held its regular 
monthly meeting on November 21, 
1913, in the physics lecture room of the 
Lewis and Clark High School. The 
Section chairman, Mr. J. B.. Fisken, 
presided, and the total attendance was 
49. 

A paper by Mr. Max Passler of thc 
Spokane and Inland Empire Railway, 
on the “ Single-Phase Commutator * 
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Railway Motor," was read and dis- 
cussed at length. Mr. Passler's paper 
deseribed the component parts of the 
motors in use on the S. & I. E. R. 
system, showing where difficulties had 
been encountered and how they had 
been remedied. 


TOLEDO 
The Toledo Section held a meeting on 
January 9, at the Toledo Commerce 
Club, at which the speaker was Dr. 
C. M. Harpster, physician for the 
Doherty Company. 
Dr. Harpster's subject was '' The Use 
of the Pulmotor in Electrical Acci- 
dents" He said that whereas a grcat 
deal has been heard about '' conserva- 
tionofnatural resources," not until lately 
has much been done for the conserva- 
tion of human life, the most valuable 
asset ofall. He said that 49,552 deaths 
in the United States annually are due 
to violence, and that statistics of the 
percentages of accidents in civil oc- 
Cupations showed that the figure for 
the electrical] trades was 6.3 per 1000. 
Dr. Harpster then discussed the 
different effects of direct currents of low 
and high voltages, and alternating 
Currents of different voltages and fre- 
quencies, upon the body. The two 
chief causes of death from electric cur- 
rents are cardiac fibrillation and respir- 
"ry paralysis. Low-tension currents 
tend to kill chiefy through cardiac 
fibrillation, and as the voltage is in- 
‘teased the effect upon the heart be- 
comes less pronounced, but at the same 
lime the effect upon the central nervous 
System becomes more and more pro- 
m 90 that with high-tension 
Ec death is more likely to be 
» i у respiratory failure, although 
| contact is prolonged, the heart 
15 also stopped. 
4 не fibrillation is fatal in spite 
с а of treatment. m 
Ue maten s 2. paralysis 
Rol 2. е kept alive by arti- 
i lon until the nervous sys- 
Ut 112 Тһе Scháfer prone pres- 
oÍ resuscitation was fully 
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explained and demonstrated, and a pul- 
motor was also exhibited and explained. 
Dr. Harpster also spoke of the care 
of burns and other “ first aid ” meas- 
ures. The meeting was then thtown 
open for discussion, which was partic- 
ipated in by many of those present. 

Chairman George E. Kirk presided 
at this meeting, at which the total 
attendance was thirty. 


TORONTO 

The first regular meeting of the 
Toronto Section for the season was held 
at the Engineers’ Club, Toronto, on the 
evening of December 19, 1913. 

The following officers were elected 
for the ensuing ycar: Mr. D. H. Mc 
Dougall, chairman; Mr. W. F. Wright, 
vice-chairman; Mr. H. T. Case, secre- 
tary; Messrs. H. U. Hart, E. I. J. 
Brandon and P. E. Hart, members 
executive committee. 

A paper on “ Steam Turbines " was 
presented by Mr. T. E. Keating. This 
address was illustrated by numerous 
lantern slides, and was followed by 
general discussion in which Messrs. 
Black, Wright, Hughson and Case par- 
ticipated. 

This mecting was attended by 42 
members and visitors. 


URBANA 

The Urbana Section held а business 
meeting on December 12, 1913. The 
special committces reported on the 
new by-laws for the Section, which 
were adopted with only a few minor 
changes. Chairman Morgan Brooks 
presided, and the attendance was eight. 


VANCOUVER 

The Vancouver Section held a regular 
monthly meeting in the University 
Club rooms on December 19, 1913, at 
which Mr. J. H. Paget presented а 
paper on “ Switchboard Instruments.” 
This paper described the principles of 
opcration and gave a description of the 
various types of voltmeters, ammeters, 
wattmeters, power factor meters and 
graphic recording instruments. 
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Mr. E. M. Breed, chairman, presided 
at this meeting. "The total attendance 
was 32. 


WASHINGTON, D. C. 

The mecting of the Washington Sec- 
tion, held on January 15, in the Tele- 
phone Building, was addressed by Dr. 
Herbert E. Ives, of Philadelphia, who 
made some interesting prophecies on 
“The Lighting of the Future.” He 
indicated that the lines of physical re- 
scarch of the present time might lead 
to methods being devised to control the 
distribution of energy in the spectrum 
of artificial light sources, so that the 
large portion of energy now in the in- 
visible part might be shifted tothe 
visible part. 

He also gave some interesting notes 
on experiments to reproduce by arti- 
ficial means the distribution of light 
which normally occurs in daylight il- 
lumination from windows. 

Chairman H. C. Eddy presided. The 
meeting was attended by 61 members 
and visitors. 


Past Branch Meetings 


COLORADO STATE COLLEGE 
The Colorado State College Branch 
held a meeting on January 8, when Mr. 
D. F. Richardson presented а paper 
describing the Chattanooga hydroelec- 


tric power plant. The paper made 
clear the lay-out of the  gencrating, 


transforming and transmitting appara- 
tus. A discussion followed. 


UNIVERSITY OF COLORADO 

A meeting of the University of Colo- 
rado Branch was held on December 3. 
The speaker was Mr. B. C. J. Wheat- 
lake, of the Denver office of the General 
Electric Company, who presented a 
paper on * Watt-hour Meters." He 
outlined the fundamental principles of 
operation of the watt-hour meters in 
ordinary use, and pointed out important 
features which are desirable in a good 
meter. Illustrative lantern slides were 
shown. 
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HIGHLAND PARK COLLEGE 

The Highland Park College Branch 
held a meeting on December 10. Mr. 
Wallace Wick and Mr. D. C. Amo pre- 
sented abstracts of the two recent In- 
stitute papers by Irving Langmuir and 
J. A. Orange, on nitrogen-filled tungsten 
lamps. А general discussion of the 
subject followed. 


UNIVERSITY OF [IOWA 
The University of Iowa Branch held 
a meeting on November 25, 1913, when 
25 new members were elected. The 
officers for the year are: president, 
J. H. Scanlon; vice-president, W. E. 
Schwob, and secretary, А. H. Ford. 


At the meeting of the Branch on 
December 16, Mr. J. H. Carmichael 
gave a talk on the building of a dam a* 
Monticello, Iowa. 


UNIVERSITY OF KENTUCKY 

The University of Kentucky Branch 
held a meeting on December 8, when 
Messrs. T. D. Howard and E. B. 
Hayden read abstracts of the three 
papers presented at a recent Institute 
mecting, in New York, on the subject 
of electric lighting and motor-starting 
equipment for gasoline automobiles. 


LEHIGH UNIVERSITY 

The Lehigh University Branch held 
a meeting on December 19, at which 
two papers were presented by members 
of the senior class. '' Electric Heaters ”' 
was the title of the paper by Mr. D. S. 
Aungst, describing the various ways of 
using electricity for heating purposes, 
and the applications in electric irons, 
glower radiators, clectric furnaces, elec- 
tric welding, and electric ignition of 
explosive gases. 

Mr. J. R. Danner gave a talk on * The 
Engincering Corps of the United States 
Army.” He described the surveying 
and construction work under the charge 
of army engineers and also the great 
variety of work done by the Signal 
Corps. 
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UNIVERSITY OF MAINE 
A meeting of the University of Maine 
Branch was held on January 8, when 
Mr. C. M. Kelley presented a paper on 
“ Wireless Telegraphy."' 


UNIVERSITY OF MISSOURI 

The meeting of the University of 
Missouri Branch on December 8 was 
devoted to a discussion of the inspection 
trip to Chicago which had been made a 
short time previous by a number of 
members of the Branch. The speakers 
and their topics were as follows: Messrs. 
E. V. Gmeiner, the plant of the Chicago 
Sanitary District at Lockport; J. Н. 
Spurgeon, the Fisk Street and Quarry 
Street plants of the Commonwealth 
Edison Company; H. M. Tickle, the 
Hawthorne Works of the Western Elec- 
tric Company; E. W. Kellogg, the Uni- 
versal Portland Cement works; P. W. 
Gumaer, the Gary steel works; and C. 
H. Kraft, the Keokuk power develop- 
ment. Other members of the Branch 
then took part in a general discussion. 


MoNTANA STATE COLLEGE 
The Montana State College Branch 
held а meeting on November 21, when 
Mr. J. A. Thaler gave a talk on engineer- 
ing education and the fields open to 
technical graduates. 


The next meeting of the Branch was 
ned on December 18, when Dean 
Richter of the College of Engineering 
“ү an address on “ The Control of 
mae Service Corporations." He ex- 
d the organization and duties 
eu ru service commissions, espe- 
i of the engineering staff, 
nae of the success of the Wis- 
told à кыс Dean Richter also 
by the € work already accomplished 
Со newly created Public Service 
‘sion of Montana. 


Оно NORTHERN UNIVERSITY 

The Ohio 
Branch met on 
three pa 


Mr. R 


Northern University 
December 10, when 

Pers were presented. 

‚Н. Hart spoke on '' Electrical 
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Equipment for Gasolene Automobiles,” 
and was followed by Mr. B. V. Yardley, 
who had for his subject “ Practical 
Testing." Mr. Yardley, having worked 
in the testing department of the West- 
inghouse Electric and Manufacturing 
Company, wasina position to give a very 
practical talk. "The last paper was onc 
on “Steam Flow Meters,” by Mr. 
Charles Buezis. 


OHIO STATE UNIVERSITY 

The Ohio State University Branch 
held a meeting on December 10. Offi- 
cers were chosen to conduct the '' elec- 
tric show ” to be given by the Branch, 
as follows: general manger, A. M. Lloyd; 
board of directors, L. R. Yeager, W. 
G. Hunter, G. A. Johnson and L. H. 
Brubaker; board of advisors, Professor 
F. C. Caldwell, R. M. Moody and J. 
E. Shepardson. 

Mr. S. F. Swarr, 1911, now employed 
with the Westinghouse Electric and 
Manufacturing Company, gave a short 
talk on “ Practical Application of 
Theory ”, bringing out several practical 
points that would be helpful to the pres- 
ent seniors. 


On December 17 the second banquet 
of the Branch was held at the Ohio 
Union. Мг. S. G. МсМсеп, president 
of the Columbus Railway and Light 
Company, and Mr. Edward Orton, Jr., 
dean of the Engineering Colleges, re- 
sponded to toasts. Mr. MeMeen told 
of some interesting events in connection 
with the formation of A. I. E. E. Sections 
in the Western States, and Mr. Orton 
spoke of a new branch of study just 
being experimented with in the de- 
partment of ceramics, of which he is 
an instructor. 


At the mecting of the Branch on 
January 7, by-laws drawn up to govern 
the organizing of the '' electrical show ” 
were reported and adopted, and plans 
were discussed. The business manager 
said that more than 500 letters would 
be sent to electrical firms, inviting 
exhibits. 
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Two papers were then presented: 
“ Patent Office. Drawing," by Mr. 
Lloyd W. Frost, and “ Latest Electrical 
Equipment for Gasoline Automobiles," 
by Mr. H. Kurtz Randall. 


Окі,АНОМА AGRICULTURAL AND 
MECHANICAL COLLEGE 

The Oklahoma Agricultural and. Me- 
chanical College Branch held a meeting 
on January 8, when three Institute 
papers, Operation of Transformers, by 
Green, Dynamo Electric Lighting for 
Motor Cars, by Waller, and Tungsten 
Lamps of High Efficiency, by Langmuir 
and Orange, were presented by Messrs. 
R. A. Wood, Quentin Graham and O. 
C. Brown, respectively. 


UNIVERSITY OF OKLAHOMA 
The seventh regular meeting of the 
University of Oklahoma was held on 
December 10. Mr. A. V. Hancock, 
head of the branch office of the General 
Electric Company at Oklahoma City, 
gave an illustrated talk on “ Motor 
Construction." Mr. R. W. Stinson 
then presented a review of some articles 

in recent electrical periodicals. 


UNIVERSITY OF OREGON 
The University of Oregon Branch 
held a meeting on December 9, 1913, 
when a paper on “ Local Distributing 
Systems " was presented by Mr. F. C. 
Burke, superintendent of construction 
of the Oregon. Power Company. 


PURDUE UNIVERSITY 
At the mecting of the Purdue Uni- 
versity Branch on November 11, 1913, 
Mr. Guy M. Laird, 1907, spoke on 
'" Some Observations and Problems 
connected with the Supply of Electrical 
Energy to Mines and Smelters.”’ 


The Purdue Branch held a meeting oa 
November 25, when an address on 
“ Some Phases of German Engineering ” 
was made by Professor G. A. Young. 

Professor Young was a member of 
the party of American engineers who 
were guests of the German engineers 
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last summer. The trip included visits 
to the various universities, a complete 
inspection of their laboratories, which 
аге the best equipped in. the world, 
as well as visits to a number of large 
manufacturing establishments. One 
interesting characteristic of the German 
laboratory system at their universities 
is that cach laboratory is equipped and 
used for but one engincering problem; 
or, it may be stated, that for every big 
engineering problem, whether it be 
electrical or mechanical or what not, 
there is a laboratory. The work in 
these тау be and is carried on for 
several vears, sometimes, before results 
are Obtained. 

Professor Young made a compurison 
of the method of administering the work 
there, which is chiefly by lectures in 
preference to recitations, as well as 
the relations existing between the 
teachers and students, the student life 
and work, with correspondng phases 
of American college work. 

He also spoke of the enginecring 
methods used by the Germans and 
compared them with those of our own 
country. 


At the meeting of the Branch on 
December 3, Mr. Thomas Steward, 
of the electrical engineering department 
of the university, spoke on the Big 
Creek hydroelectric development in 
California. The facts concerning this 
great power development were presented 
as Mr. Steward saw them, without 
reference to the technical and theo- 
retical side. 

The basin forming the water supply 
is located about seventy-five miles 
from Fresno, Cahfornia. А railroad 
56 miles in length and having a total 
of about 1200 curves in this distance, 
forms a means of communication with 
the outside world. In all, there will 
be four power houses, two of which 
have already been completed. The 
first is fed with water from the basin 
above by means of a tunnel which comes 
down the mountain side. From the 
first power station the tunnel conducts 
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the water to the second, and thence 
similarly through the other two stations. 
When the system is completed, the 
water will run back into the river and 
be used for irrigation. All four stations 
haveequalpower equipment. А twelve- 
mile tunnel is being constructed to con- 
nect the third and fourth power houses 
with the San Joaquin river. This 
tunnel Is to supply the last two stations 
In case of scarcity of water supply from 
the basin. 

Mr. Steward gave many statistics 
to demonstrate the largeness of the 
undertaking. He illustrated his talk 
with a large number of pictures of the 
Big Creek development which he had 
obtained during a visit to the locality. 


At the meeting of the Branch on 
December 16, Mr. J. E. Scott, 1914, gave 
à general survey of the Keokuk power 
development as he saw it while em- 
ployed there. He spoke of the various 
features that are of general interest, 
such as the method of providing for 
expansion and contraction of the dam. 
the ice-fenders which are built to 
Protect the turbines from ice, the sea 
Wall that protects the Chicago. Burling- 
ton and Quincy Railroad, and the locks 
and dry-docks. The power plant is 
Centrally located in an active manu- 
facturing district. 

Mr. Н. О. Murphy, 1915, described 
the installation in detail, giving a gen- 
ral description of the plant as well 
as of apparatus. He told of the method 
О distribution, of the various points 
Supplied, the transmission system and 
! construction. 


RENSSELAER PoLYTECHNIC INSTITUTE 
The first meeting of the Rensselaer 
ене Institute Branch for the 
à 9n was held on December 16 in the 
vage Laboratory. Мг. W. J. Williams 
Aade an address on “ The Value of 
gineering Societies as a Means of 

“sonal Advancement.” 
qo address was followed by a dis- 
А on the best method Of conduct- 
€ meetings of the Branch. It was 
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decided to postpone the election of offi- 
cers until the February meeting. 


STANFORD UNIVERSITY 

The annual Semester Banquet of the 
Stanford University Branch was held 
Thursday evening, December 1l. The 
speaker of the evening was Mr. R. W. 
Van Norden, who gave a short descrip- 
tion of the Lake Spaulding project of 
the Pacific Gas and Electric Company. 

About 33 were present, including the 
newly clected members of the Branch. 


TEXAS AGRICULTURAL AND MECHANI- 
CAL COLLEGE 

At the meeting of the Texas Agricul- 
tural and Mechanical College Branch 
on December 5, Mr. P. T. Groginski 
spoke on ‘ Maintenance of Old and 
New Electric Railway Motors,” and 
Mr. E. N. Hogue on “ Electrical Meas- 
uring Instruments.” Professor F. C. 
Bolton then gave an illustrated talk on 
modern clectric railway motors and dce- 
tails of their construction, and also 
showed pictures of modern electric cars 
and locomotives. 


—s P. &————— 


At the meeting of the. Branch on De- 
cember 19, two papers were presented: 
'" Development of Gas Engines as Ap- 
plied to Gas- Electric Plants," by Mr. S. 
R. Stribling, and “ Development. of 
Steam Turbines, Relative to Efficiency, 
Use, etc.", by Professor H. E. Smith. 


WASHINGTON UNIVERSITY 

The meeting of the Washington Uni- 
versity Branch on December 16 was 
addressed by Mr. Pennell of the South- 
western Telephone and Telegraph Com- 
panv, who gave an illustrated talk on the 
organization of the American Telephone 
and Telegraph Company. 


UNIVERSITY OF WASHINGTON 
The December meeting of the Uni- 
versity of Washington Branch of the 
Institute was held in the Good Roads 
Building. on the university campus, 
December 2. 
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The following short papers were read: 
“ The Development of the Are Lamp,” 
by Roy Coy; " The Development of 
the Incandescent Carbon Filament 
Lamp,” by C. A. Stanwick; and “ The 
Development of the Metallic Filament 
Lamp," by A. P. Newberry. 

After the reading of these papers, 
there was a short discussion in which 
several students and members of the 
faculty took part. 


WORCESTER POLYTECHNIC INSTITUTE 

The meeting of the Worcester Poly- 
technic Institute Branch on December 
12 was addressed by Mr. W. L. Towne, 
of the publicity department of the 
General Electric Company, of Schenec- 
tady, on “ The Recent Developments 
in the Electric Railway Industry.” 
The lecture was illustrated with colored 
lantern slides, the subjects being pieces 
of apparatus, new methods of construc- 
tion, and new applications. 

The attendance at this meeting was 
100. | 


The fourth regular meeting of the 
Branch for the season was held January 
9, as a joint meeting with the W. P. I. 
Civil and Mechanical. Engineering. So- 
cieties. 

Professor H. B. Smith gave a lecture 
on “ Cosmopolitan Methods of Trans- 
portation." Professor Smith illustrated 
his talk with two hundred lantern slides 
selected from a large collection obtained 
during his travels in many parts of the 
world. 

YALE UNIVERSITY 

The Yale University Branch held its 
first meeting of the year in the recently 
completed Electrical Engineering Lab- 
oratory on October 29, 1913. 

Mr. C. E. Clewell, of the faculty, gave 
an interesting talk on “ Modern Light- 
ing." He discussed the economical ad- 
vantages of good factory lighting and 
the reasons for the great interest taken 
in the subject at the present day. 
Various types of lamps and lighting 
were displayed and their advantages 
and disadvantages discussed. 


- 
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Professor Scott gave a short talk ex- 
plaining the features of the new labora- 
tory, following which the building was 
open to inspection by the visitors. 


A meeting of the Yale Branch was 
held on November 12, in the evening. 
Professor Scott introduced the speaker 
of the evening, Mr. Percy H. Thomas. 

Mr. Thomas gave a broad and com- 
prehensive talk on the subject of * High- 
Tension Transmission." He showed 
first the present and proposed develop- 
ment of transmission lines 1n the South, 
explaining the system by which this 
development is carried оп. Many 
water power and steam plants are con- 
nected so as to feed into one continuous 
line, then the power used in the various 
towns and cities 1s tapped off from this 
common source. Mr. Thomas then 
discussed the problems connected with 
the designing and insulating of trans- 
mission lines, and the problems of 
keeping them in commission. 

After discussing the mechanical side 
of the subject the electrical side was 
presented. This included an explana- 
tion of the charging current and corona 
loss incident to high-tension lines. 
Methods of overcoming the difficulties 
of operating a line which required too 
large a charging current were explained. 
Mr. Thomas also touched upon the 
effects of lightning and their prevention. 


Personel 


MR. H. J. S. HEATHER has been ap- 
pointed Professor of Electrotechnics 
in the School of Mines at Johannesburg, 
South Africa. 


Mr. JAMES C. PRESTON has resigned. 
his position as chief load dispatcher 
with the New York, New Haven and 
Hartford Railroad at Cos Cob, Conn., 
to take a course in agriculture at Iowa 
State College, preparatory to taking up 
the management of a 5000-acre farm 
belonging tb the Estate of A. J. Preston 
at Castlewood, South Dakota. 


` 
—— aras r r a w r - 
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MR. ARTHUR I. TOTTEN has returned 
from Brazil and is now connected with 
the commercial section of the railway 
department of the General Electric 
Company. Mr. Totten had left that 
company August 1, 1912, and accepted 
a position as electrical engineer and as- 
sistant in charge of mechanical affairs 
of the Brazil Railway, with head- 
quarters at Sao Paulo, Brazil. 


Mr. E. J. PIETZCKER, formerly south- 
western sales manager, at St. Louis, 
of the Standard Underground Cable 
Company, has been made western and 
southwestern sales manager, in charge 
of the Chicago and St. Louis offices 
of the company, covering the Missis- 
sippi River basin. Mr. Pietzcker's con- 
nection with various branches of the 
wire and cable industry began prior 
to 1890, with the Washburn and Moen 
Manufacturing Company. In 1902 he 
joined the forces of the Standard Under- 
ground Cable Company, under Mr. 
J. R. Wiley, western sales manager, at 
Chicago. The death of Mr. Wiley, who 
had been western manager for the com- 


pany for nearly twenty years, occurred 
last fall. 


Ма. W. R. GARTON has resigned as 
vice-president and general manager of 
the Lord Manufacturing Company, 
Brooklyn, N. Y. Mr. Garton has been 
active in the electrical field for many 
years and is well-known. He began in 
the construction and operation of tele- 
phone, electric light and railway prop- 
erties, and has given much time to the 
supply and manufacturing business. 
Mr. Garton is an Associate of the 
American Institute of Electrical En- 
gineers and a member of the American 
E Railway Association, the New 
в | Railway Club, the Keystone 

ric Railway Club, the New Eng- 
Street Railway Club and the New 
i Electric Railway Association. 
S temporary address will be 851 


East i 
55. Nineteenth Street, Brooklyn, 


Obituary 


EUGENE Коміс, Assoc. А. I. E. E., 
assistant electrical engineer of the U. S. 
Electrical Manufacturing Company, 
Los Angeles, California, died at his 
home in Los Angeles on December 30, 
1913. Mr. Romig was born September 
10, 1892, and received his technical 
training at the University of Southern 
California. He was elected an As- 
sociate of the Institute on October 10, 
1913. 


WILLIAM .DENNis MARKS, Mem. 
A. I. E. E., consulting engincer, and 
formerly Whitney professor of dynamic 
engineering in the University of Penn- 
sylvania, died in the Champlain 
Valley Hospital at Plattsburg, N. Y., 
on January 7, 1914. Professor Marks 
was born in St. Louis, February 26, 
1849. He was graduated from Yale 
in 1870 with the degree of Ph. B., and 
later received the degree of C. E. from 
the same college. After an experience 
of practical engineering work in con- 
nection with railways and gas and iron 
works, he was appointed instructor in 
mechanical engineering at Lehigh Uni- 
versity, and the following year went 
to the University of Pennsylvania. 
In 1884 he was superintendent of the 
International Electrical Exhibition of 
the Franklin Institute, and later be- 
came engineer and president of the 
then Edison Electric Light Company of 
Philadelphia. He was elected an As- 
sociate of the American Institute of 
Electrical Engincers on February 7, 
1888, and on May 1 of the same year 
was transferred to the grade of Member. 
Professor Marks had a consulting en- 
gineering office in New York, but for 
some time past had been living in West- 
port, N. Y. He was an honorary life 
member of the Franklin Institute and 
a member of the American Philosophical 
Society. 


RICHARD Nott Dyer, Mem. А.1.Е.Е., 
a prominent patent lawyer, senior 
member of the firm of Dyer, Dyer and 
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Taylor, of New York, died at his home 
in East Orange, N. J., on January 13, 
1914. Mr. Dyer was born in Calais, 
Maine, fifty-six years ago. He was 
graduated from the Columbian Uni- 
versity, Washington, D. C., and was 
admitted to the bar in Chicago in 1879. 
Two years later he went to Menlo 
Park, N. J., as patent attorney for Mr. 
Thomas A. Edison. He represented 
Mr. Edison in the fight to sustain his 
rights as inventor of the incandescent 
lamp, which was carried to the United 
States Supreme Court. In this case 
he obtained numerous decisions which 
have been quoted ever since in patent 
cases. Mr. Dyer also prepared the 
Edison patents on the phonograph and 
kinctoscope and carried these cases 
through the courts. Later he became 
counsel for the Sprague Electric Com- 
pany and for several years had charge 
of the patent work of the Gencral Elec- 
tric Company. He was elected an 
Associate of the Institute on July 12, 
1887, and a Member on September 
6 of the same vear. 


Library Accessions 


The following accessions have been made to the 
Library of the Institute since the last acknowledg- 
ment. 

Association of Municipal and Sanitary Engi- 
neers and Surveyors Proceedings, vol. I-III. 
London, 1872-77. (Purchase.) 

Canadian Electrical Association. 
22d Annual Convention, 1912. 


Proceedings 
Toronto, 


1912. (Exchange.) 
College of Science, Imperial University of 
Tokyo: Journal. General Index to vols. 


1-25, 1557-1908. ТоуКо, 1913. (Exchange.) 
Electric Arc Phenomena. By Ewald Rasch. 
Translated from the German by K. Torn- 
berg. New York, D. Van Nostrand Co., 
1913. (Gift of Publishers.) Price $2.00 net. 
A treatment of arc phenomena in the light 
of recent electrical theory. The last chapter 
treats of the efficiency of the various commercial 
forms of are lamps. W. P. C. 
Elektrizitatszahler für Gleich-Wechsel und Dreh- 
strom, deren Theorie, Beschreibung und 
Eichung. By H. W. L. Bruckmann, Leipzig, 
1914. (Purchase.) 
Growing Crops and Plants by Electricity. By 
E. C. Dudgeon, London, n.d. (Purchase.) 
The William J. Hammer Historical Collection of 
Incandescent Lamps. By William J. Ham- 
mer. (Reprinted from the Transactions of 
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the New York Electrical Society, No. 4, 
1913.) (Gift of author.) 

Management of Public Electric Supply Under- 
takings. By А. H. Seabrook. New York, 
1913. (Purchase.) 

Manufacture of Reinforced Concrete Poles, Piles 
and Pipe without the use of forms. By 
R. M. Jones. Denver, n.d. (Gift of R. M. 
Jones.) | 

New York State College of Forestry. Wood- 
Using Industries of New York. Albany, 
1913. (Gift of U. S. Department of Agricul- 
ture.) 

New York State Department of Labor. Labor 
Laws of New York State, 1913. Albany, 
1913. (Gift of New York State Department 
of Labor.) 

———First Annual Industrial Directory of New 
York State, 1912. Albany, 1913. (Gift of 
New York State Dcpartment of Labor.) 

Philadelphia. Transit Commissioner. Report, 
1913, vol. I-II. Philadelphia, 1913. (Gift 
of Messrs. Ford, Bacon and Davis.) 

Polytechnic Institute of Brooklyn. Catalogue of 
the College of Engineering. 1914-15. (Gift 
of Polytechnic Institute.) 

Practical Uses of the Wave Meter in Wireless 
Telegraphy. By J. O. Mauborgne. New 
York, McGraw-Hill Book Co., 1913. (Pur- 
chase.) 

Present Insurance Situation from an Insurance 
Superintendent's Viewpoint. An address 
by W. T. Emmet. n.p. 1913. (Gift of In- 
surance Society of New York.) 

Re-arrangement and development of the steam 
railroad terminals of the city of Chicago, 
Кеоогі. By B. J. Arnold. Chicago, 1913. 
(Gift of author.) 


Switchboards, switching, protective apparatus. 
By C. C. Adams. Chicago, American 
School of Correspondence, 1914. (Gift of 
publisher.) 

A well-illustrated practical manual. The 
author is switchboard engineer of the General 
Electric Company. W. P. C. 
Tafeln zur astronomischen  Ortsbestimmung. 

By Arnold Kohlschutter. (Luftfahrt und 
Wissenschaft, pt. 7.) Berlin, 1913.  (Pur- 
chasc.) 

Technische Schwingungslehre. By Wilhelm 
Hort. Berlin, 1910. (Purchase.) 


Die Theorie Moderner Hochspannungsanlagen. 
By A. Buch. Munchen, 1913. (Purchase.) 


Versuche an Doppeldeckern zur Bestimmung 
ihrer Eigengeschwindigkeit und Flugwinkel. 
By Wilhelm Hoff (Luftfahrt und Wissen- 
schaft, pt. 6.) Berlin, 1913. (Purchase.) 


GirT OF FRANCIS D. CROCKER. 


Herzog et. al. vs. New York Telephone Company. 
Briefs for complainants and defendants. 
1908. | 

Patent for signaling system. Complainant's 
Record, 1903-07. 

Defendant's Record, vol. 1-2, 1904-07. 


or 
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Thomson-Houston Electric Company and Gen- 
eral Electric Company vs. Traction 
Equipment Company. On Whitman Pat- 
ent and short and case patents for car 
Rheostats. 1903-08. 

Union Carbide Company vs. American Carbide 
Company. On Process patent No. 563,527. 
Brief for Defendant. Complainant's Record, 
Dcfendant's Record. N. Y., 1909. 


TRADE CATALOGUES. 


Allgemeine Elektricitáts Gesellschaft. Berlin, 
Germany. Nitralampe Halbwatt pro Kerze. 

Grosse dampfturbopumpen für Wasserwerke 
aller Art. (1012, 1013, 1014) 1913. 

Dynamomaschinen für direkte Kupplung (1015) 
1913. š 

Werkzeugmaschinen - Antriebe. (1016, 1017, 
1018, 1019) 1913. 

Gekapselter Amperestundenzàhler. 24 pp. 1913. 

Moderne Wechselstromzahler. 49 pp. 1913. 

Alis-Chalmers Manufacturing Co. Milwaukee, 
Wis. Polyphase induction motors. (No. 
4005). Nov., 1913. 

General Electric Со. Schenectady, N. Y. Bull. 
A4176. High voltage oil break switch. 
Oct., 1913. 

——-Bull А4178. Three-phase induction motor 
panels. Nov. 1913. 

——Bull. А4185. Single-phase induction motors, 
type KS. Oct. 1913. 

Leeds & Northrup Co. Philadelphia, Pa. Bull. 
No. 176. Unit type Wheatstone bridges and 
resistance boxes. 

National Lamp Works of General Electric Co., 
Cleveland, O. Bull. No. 20. Industrial 
lighting. Oct., 1913. 

Philadelphia Electric Co. 
Bulletin. Dec., 1913. 

Westinghouse Electric & Manufacturing Co. 
East Pittsburgh, Pa. Circular 1104. West- 
inghouse portable meters for alternating and 
direct current. 


----1205. Carbon circuit breakers. July, 1913. 


Philadelphia, Pa. 


UNITED ENGINEERING SOCIETY. 


Carnotite. The principal source of radium. By 
T. F. V. Curran. New York, 1913. (Gift 
of Curran & Hudson.) 

Historic Priorities in Lynn. An address given at 
the dedication of the Society House, Lynn 
Historical Society, Oct. 9, 1913. By C. J. H. 
Woodbury. Lynn, 1913. (Gift of C. J. H. 
Woodbury.) 


Mercantile Marine Atlas. Edited by George 
Philip. Ed. 4. New York, 1913. (Pur- 
chase.) 


National Tube Company. Book of Standards. 
Pittsburgh, 1913. (Gift of National Tube 
Co.) 


Relation of West Virginia Coals to the Panama 
Canal. Address of Ex-Governor W. A. 
MacCorkle before the West Virginia Coal 
Mining Institute, Dec. 8, 1913. n.p. n.d, 
(Gift of West Virginia Coal Mining Insti, 
tutc.) 


. Street. Directory of the Prinicpal Cities of the 


United States, embracing  letter-carrier 
offices established to April 30, 1908. Ed. 6. 
Washington, 1908. (Purchase.) 

Test. of a 40-foot Reinforced Concrete Highway 
Bridge. By D. A. Abrams. (Gift of author.) 

World's Fair Bulletin. Louisiana Purchase Ex- 
position, 1004. (Gift of St. Louis Public 
Library.) 


GIFT OF INTERNATIONAL SAFETY EXHIBITION, 
1913. 


Educational and other employee relations in- 
cluding outline of educational courses for 
1913-14. New York Edison Company, 1913. 


A Nation's Neglect. By M. A. Low. 


Resuscitation from electric shock. 
Lauffer. 


Safety, Vol. 1, No. 3. August 1013. 
Stop, look, listen. By F. V. Whiting. 


By C. A. 
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OFFICERS AND BOARD OF DIRECTORS, 1913-1914 


PRESIDENT. 
(Term expires July 31, 1914.) 
C. O. MAILLOUX. 


JUNIOR PAST-PRESIDENTS. 


GANO DUNN. 


VICE-PRESIDENTS. 


(Term expires July 31, 1914.) 
A. W. BERRESFORD. 
WILLIAM S. MURRAY. 
SEVERN D. SPRONG. 


RALPH D. MERSHON. 


(Term expires July 31, 1915.) 
J. A. LIGHTHIPE. 

H. H. BARNES, JR. 
CHARLES E. SCRIBNER. 


MANAGERS. 


(Term expires July 31, 1914.) 
F. S. HUNTING. 
NORMAN W. STORER. 
WILLIAM S. LEE. 
FARLEY OSGOOD. 


TREASURER. 
GEORGE A. HAMILTON. 


(Term expires July 31, 1915.) 
COMFORT A. ADAMS. 
J. FRANKLIN STEVENS. 
WILLIAM B. JACKSON. 
WILLIAM McCLELLAN. 


(Term expires July 31, 1914.) 


(Term expires July 31, 1916.) 
H. A. LARDNER. 
B. A. BEHREND. 
PETER JUNKERSFELD. 
LEWIS T. ROBINSON. 


SECRETARY. 
F. L. HUTCHINSON. 


PAST-PRESIDENTS.—1884-1913. 


*NORVIN GREEN, 1884-5-6. 
*FRANKLIN L. POPE, 1886-7. 

T. COMMERFORD MARTIN, 1887-8. 
EDWARD WESTON, 1888-9. 

ELIHU THOMSON, 1889-90. 
*WILLIAM A. ANTHONY. 1890-91. 
ALEXANDER GRAHAM BELL, 1891-2. 
FRANK JULIAN SPRAGUE, 1892-3. 
EDWIN J. HOUSTON, 1893-4-5. 
LOUIS DUNCAN, 1895-6-7. 

FRANCIS BACON CROCKER, 1897-8. 
A. E. KENNELLY, 1898-1900. 


CARL HERING. 1900-1. 
CHARLES P. STEINMETZ, 1901-2. 
CHARLES F. SCOTT, 1902-3. 

BION J. ARNOLD, 1903-4. 

JOHN W. LIEB, Jr., 1904-5. 

SCHUYLER SKAATS WHEELER, 1905-6. 
SAMUEL SHELDON, 1900-7. 

HENRY G. STOTT, 1907-8. 

LOUIS A. FERGUSON, 1908-09. 

LEWIS B. STILLWELL, 1909-10. - 
DUGALD C. JACKSON, 1910-11. 

GANO DUNN, 1911-12. 


RALPH D. MERSHON, 1912-13. 


*Deceased. 


HONORARY SECRETARY. 
RALPH W. POPE, 


33 West 39th Street, New York. 


GENERAL COUNSEL. 


PARKER and AARON, 
52 Broadway, New York. 
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STANDING COMMITTEES 


Revised to February 1, 1914. 


EXECUTIVE COMMITTEE 


C. 0. MAILLOUX, Chairman, 

90 West St., New York. 
H. H. BARNES, JR., New York. 
GANO DUNN, New York. 
GEORGB A. HAMILTON, Elizabeth, N. J. 
WILLIAM McCLELLAN, New York. 
CHARLES E. SCRIBNER, New York. 
J. FRANKLIN STEVENS, Philadelphia, Pa. 


FINANCE COMMITTEE 


J. FRANKLIN STEVENS, Chairman, 

1326 Chestnut Street, Philadelphia, Pa. 
A. W. BERRESFORD, Milwaukee, Wis. 
S. D. SPRONG, Brooklyn, N. Y. 


LIBRARY COMMITTEE 


SAMUEL SHELDON, Chairman, 

198} Schermerhorn Street, Brooklyn, N. Y. 
F. L. HUTCHINSON, New York. 
P. B. JEWETT, New York. 
MALCOLM MACLAREN, Princeton, N. J. 
W. I. SLICHTER, New York. 


MEETINGS AND PAPERS COMMITTEE 
W.S. RUGG, Chairman, 
165 Broadway, New York. 
LEWIS T. ROBINSON, Secretary, 
General Electric Company, Schenectady, N. Y. 
L. W. CHUBB, Swissvale, Pa. 
H. 4. HORNOR, Philadelphia, Pa. 
HENRY H, NORRIS, Ithaca, N. Y. 
and the chairmen of the technical committees. 


EDITING COMMITTEE 


LEWIS T. ROBINSON, Chairman 
Bd. Electric Company, Schenectady, N. Y. 
Ў Р. POWLE, New York. 
a M. HOBART, Schenectady, N. Y. 
k x LLOYD, Chicago, Ill. 
McALLISTER, New York. 
‘| SLICHTER, New York. 


š CODE COMMITTEE 
ARLEY OSGOOD, Chairman, 


763 Broad Street, Newark, N. J. 
T A. BEHREND, Boston, Mass. 
. C PORSYTH, New York. 


BOARD OF EXAMINERS 
MAURICE COSTER, Chairman, 
165 Broadway, New York. 
W. G. CARLTON, New York. 
A. S. McALLISTER, New York. 
F. W. ROLLER, New York. 
S. D. SPRONG, Brooklyn, N. Y. 


SECTIONS COMMITTEE 
P. M. LINCOLN, Chairman, 
P. O. Box 911, Pittsburgh, Pa. 
C. L. CORY, Berkeley, Cal. 
S. G. McMEEN, Columbus, Ohio. 
W. S. RUGG, New York. 
J. F. STEVENS, Philadelphia, Pa. 
and the chairmen of all Sections, ex officio. 


STANDARDS COMMITTEE 
A. E. KENNELLY, Chairman, 
Harvard University, Cambridge, Mass. 
COMFORT A. ADAMS, Secretary, 
Harvard University, Cambridge, Mass. 
MORTON ARENDT, New York. 
JAMES BURKE, Erie, Pa. 
W. A. DEL MAR, New York. 
W. C. L. EGLIN, Philadelphia, Pa. 
H. W. FISHER, Perth Amboy, N. J. 
H. M. HOBART, Schenectady, N. Y. 
DUGALD C. JACKSON, Boston, Mass. 
F. B. JEWETT, New York. 
B. G. LAMME, Pittsburgh, Pa. 
W. A. LAYMAN, St. Louis, Mo. 
M. G. LLOYD, Chicago, Ill. 
R. H. MARRIOTT, New York. 
A. S. McALLISTER, New York. 
WILLIAM McCLELLAN, New York. 
W. L. MERRILL, Schenectady, N. Y. 
W. S. MOODY, Pittsfield, Mass. 
HAROLD PENDER, Boston, Mass. 
W. H. POWELL, Milwaukee, Wis. 
CHARLES ROBBINS, East Pittsburgh, Pa. 


LEWIS T. ROBINSON, Schenectady, N.Y. 
E. B. ROSA, Washington, D. C. ` 
CHARLES F. SCOTT, New Haven, Conn. 


CLAYTON H. SHARP, New York. 

C. E. SKINNER, Pittsburgh, Pa. 

JAMES M. SMITH, Ampere, N. J. 
CHARLES P. STEINMETZ, Schenectady, N.Y. 
S. W. STRATTON, Washington, D. C. 
PHILIP TORCHIO, New York. 


LAW COMMITTEE 
CHARLES A. TERRY, Chairman, 
165 Broadway, New York. 
CHARLES L. CLARKE, Schenectady, N. Y. 
CHARLES E. SCRIBNER, New York. 
G. H. STOCKBRIDGE, New York. 
W. B. VANSIZE, New York. 
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SPECIAL COMMITTEES 


Revised to February 1, 1914. 


INDUSTRIAL POWER COMMITTEE 
R. TSCHENTSCHER, Chairman, 


Illinois Steel Company, South Chicago, Ill. 


WILLIAM T. DEAN, Chicago, Ill. 

A. C. EASTWOOD, Cleveland, Ohio. 
E. FRIEDLAENDER, Braddock, Pa. 
C. T. HENDERSON, Milwaukce, Wis. 


CHARLES W. PARKHURST, Johnstown, Pa. 


CARL A. PAULY, Schenectady, N. Y. 

W. H. POWELL, Milwaukee, Wis. 

B. R. SHOVER, Youngstown, Ohio. 
ROBERT B. TREAT, East Orange, N. J. 
BRENT WILEY, Pittsburgh, Pa. 


TELEGRAPHY AND TELEPHONY 
COMMITTEE 
F. F. FOWLE, Chairman, 


68 Maiden Lane, New York. 


M. H. CLAPP, St. Paul, Minn. 

E. H. COLPITTS, New York. 

M. M. DAVIS, New York. 

S. P. GRACE, New York. 

A. H. GRISWOLD, San Francisco, Cal. 
JOHN L. HOGAN, Jr.. Brooklyn, N. Y. 
L. S. KEITH, Chicago, Ill. 

S. G. McMEEN, Columbus, Ohio. 
CLOYD MARSHALL, New York. 
WILLIAM MAVER, Jr., New York. 

J. H. MORECROFT, New York. 
SAMUEL REBER, Washington, D. C. 
F. L. RHODES, New York. 

J. L. WAYNE, Indianapolis, Ind. 

C. S. WINSTON, Chicago, Ill. 

G. M. YORKE, New York. 


ELECTROCHEMICAL COMMITTEE 
A. F. GANZ, Chairman, 


Stevens Institute of Technology,Hoboken,.N.J. 


C. Р. BURGESS, Madison, Wis. 

M. W. FRANKLIN, Bloomfield, N. J. 
A. McK. GIFFORD, Pittsficld, Mass. 
CARL HERING, Philadelphia, Pa. 
BURTON 
L. L. SUMMERS, Chicago, Ill. 

W. R. WHITNEY, Schenectady, N. Y. 


COMMITTEE ON 
ELECTRICALLY PROPELLED VEHICLES 
HAROLD PENDER, Chairman, 

491 Boylston St., Boston, 
A. CHURCHWARD, Boston, Mass. 
G. H. JONES, River Forest, Ill. 
ERNEST LUNN, Chicago, Ill. 
FRANK W. SMITH, New York. 
H. H. SMITH, Orange, N. J. 
H. F. THOMSON, Boston, Mass. 


P. D. WAGONER, Long Island City, N. Y. 


F. E. WHITNEY, Philadelphia, Pa. 
J. L. WOODBRIDGE, Philadelphia, Pa. 


McCOLLUM, Washington, D. C. 


Mass. 


COMMITTEE ON USE ОР ELECTRICITY IN 
MINES 


WILFRED SYKES, Chairman, 
Box 242, East Liberty, Pa. 
C. W. BEERS, Wilkesbarre, Pa. 
GRAHAM BRIGHT, Wilkinsburg, Pa. 
H. H. CLARK, Pittsburgh, Pa. 
MARTIN H. GERRY, Jr., Helena, Mont. 
J. M. HOPWOOD, Wheeling, W. Va. 
J. T. JENNINGS, Pottsville, Pa. 
B. T. VIALL, Miami, Arizona. 
GEORGE R. WOOD, Philadelphia, Pa. 


COMMITTEE ON USE OF ELECTRICITY IN 
MARINE WORK 


C. S. McDOWELL, Chairman, 

U. S. Navy, Navy Yard, New York. 
D. M. MAHOOD, Secretary, 

U. S. Navy Yard, Brooklyn, N. Y. 

J. J. CRAIN, Quincy, Mass. 
MAXWELL W. DAY, Schenectady, N.Y. 
W. L. R. EMMET, Schenectady, N.Y. 
F. C. HANKER, Wilkinsburg, Pa. 
H.L. HIBBARD, Milwaukee, Wis. 
GUY HILL, Brooklyn, N. Y. 
H. A. HORNOR, Philadelphia, Pa. 
O. P. LOOMIS, Newport News, Va. 
G. A. PIERCE. Jr., Philadelphia, Pa. 
ELMER A. SPERRY, Brooklyn, N. Y. 
F. W. WOOD, New York. | 


PRIME MOVERS COMMITTEE 


H. G. STOTT, Chairman, 
600 West 59th Street, New York. 
F. G. GASCHE, Chicago, Ill. | 
W. S. GORSUCH, New York. 
P. JUNKERSFELD, Chicago, Ill. 
DANIEL W. MEAD, Madison, Wis. 
R. J. S. PIGOTT, New York. 
G. I. RHODES, Boston, Mass. 


ELECTROPHYSICS COMMITTEE 


J.B. WHITEHEAD, Chairman, 

Johns Hopkins University, Baltimore, Md. 
EDWARD BENNETT, Madison, Wis. 
H. L. BLACKWELL, Cambridge, Mass. 
W. S. FRANKLIN, South Bethlehem, Pa. , 
E. P. HYDE, Cleveland, Ohio. 
E. L. NICHOLS, Ithaca, N. Y. 
G. W. PIERCE, Cambridge, Mass. 
M. I. PUPIN, New York. 
E. B. ROSA, Washington, D. C. 
HARRIS J. RYAN, Stanford University, Cal. 
CHARLES P.STEINMETZ,Schenectady, N.Y. 
WILLIAM R. WHITNEY, Schenectady, N. Y. 
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° ELECTRIC POWER COMMITTEE 
DAVID B. RUSHMORE, Chairman, E. A. LOF, Secretary, 
P. AND M., DEPT., General Electric Company. Р. AND М. Dept., General Electric Company, 
Schenectady, N. Y. Schenectady, N. Y. 


and the members of the following sub committees: 


1. Power Stations. 4. Transmission— Continued 
DUGALD C. JACKSON, Chairman. A. L. HARRINGTON, Raleigh, N. C. 
Massachusetts Institute of Technology, R. S. KELSCH, Montreal, P. Q. 
Boston, Mass. J. A. LIGHTHIPE, Los Angeles, Cal. 
F. G. BAUM, San Francisco, Cal. P. M. LINCOLN, Pittsburgh, Pa. 
P. 0. BLACKWELL, New York. J. B. MAHONEY, Shelburne Falls, Mass. 
N. А. CARLE, Newark, N. J. C. S. MAcCALLA, Spokane, Wash. 
HUGH HAZELTON, New York. R. J. McCLFLLAND, New York. 
À. H. KRUESI, Schenectady, N. Y. W. E. MITCHELL, Birmingham, Ala. 
B. G. LAMME, Pittsburgh, Pa. F. B. H. PAINE, New York. 
J. A. LIGHTHIPE, Los Angeles, Cal. R. A. PHILIP, Boston, Mass. 
IRVING E. MOULTROP, Boston, Mass. C. S. RUFFNER, St. Louis, Mo. 
L. L. PERRY, Chicago, Ill. W. N. RYERSON, Duluth, Minn. 
R. А. PHILIP, Boston, Mass. JULIAN C. SMITH, Montreal, P. Q. 
À. E. POPE, Shelburne Falls, Mass. R. M. WILSON, Westmount, Que. 
FRANK'SARGENT, Boston, Mass. T. A. WORCESTER, Schenectady, N. Y. 


J. F. VAUGHAN, Boston, Mass. 
5. Distribulion. 


P. JUNKERSFELD, Chairman, 


2. Power Generation Committee. 120 West Adams Street, Chicago, Ill. 
АБС EE E. J. BLAIR, Oak Park, Ш. 
W: ‚ Chairman, W. G. CARLTON, New York. 
49 Wall Street, New York H. B. GEAR, Chicago, Ill. 
ALLAN V. GARRATT, Holliston, Mass. HAROLD GOODWIN, Philadelphia, Pa. 
Dr i ашы n. —— P. M. LINCOLN, Pittsburgh, Pa. 
a В , Madison, Wis. E. B. MERRIAM, Schenectady, N. Y. 
: D. SPRONG, Brooklyn, N. Y. W. S. MURRAY, New Haven, Conn. 


RALPH H. RICE, Chicago, Ill. 


3. Protective Apparatus. PHILIP TORCHIO, New York. 


CHARLES P. STEIN METZ, Chairman, 6. Economics 


General Electric Company, Schenectady, N. Y. ; 
E. E. P. CREIGHTON, Schenectady, N. Y. WILLIAM McCLELLAN, Chairman, 


" | JACKSON, Swissvale, Pa. E. J РРА: 5. New York. 
^. J. NEAL : 1 . J. n , ecre i 
PARLEY u ү: N. J 4 Bedford Road, Schenectady, N. Y. 
P. W. PEE i ME T FARLEY G. CLARK, Toronto, Ont. 
JOHN H. DE 2 Ы W. S. GORSUCH, New York. 
R. F. SCHUCHARDT Chicago, ni i P. JUNKERSFELD, Chicago, Ill. 
S. D. SPRONG U dq W. N. RYERSON, Duluth, Minn. 
PERO. ы Brooklyni Ne Y. W. S. TWINING, New York 
Y H. THOMAS, New York, dide і : 


7. Engineering Data. 
4. Transmission 
PERCY H. THOMAS, Chairman, 


"W. SOTHMAN, Chairman, 2 Rector Street, New York. 
Hw.pgey p Battery Place, New York. N. A. CARLE, Newark, N. J. 
CL aue e New York. Р. F. FOWLE, New York. 
M Аки HOLDER, Charlotte, N. C. H. M. HOBART, Schenectady, N. Y. 
Viren M CHEEV ER, Salt Lake City, Utah L. E. IMLAY, Niagara Falls, N. Y. 
‚ VERSE, Niagara Falls, N. Y. O. A. KENYON, New York. 
O.H во, San Francisco, Cal. А. S. MCALLISTER, New York. 
G. PACCIOLI 1 Los Angeles, Cal. C. S. McDOWELL, New York. 
. а Mass. HAROLD PENDER, Boston, Mass. 
VICTOR H em New York. E. B. ROSA, Washington, D. C. 
P. T. НАКЕ 5588, Spokane, Wash. W. S. RUGG, New York. 
JOHN HAR OM, San Francisco, Cal. C. E. SKINNER, Pittsburgh, Pa. 
ISBERGER, Seattle, Wash, C. W. STONE, Schenectady, N. Y. 
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ELECTRIC ILLUMINATION COMMITTEE 
CLAYTON H. SHARP, Chairman, 

556 East 80th Street, New York. 
LOUIS BELL, West Newton, Mass. 
FRANK CONRAD, Swissvale, Pa. 
J. W. COWLES, Boston, Mass. 
E. P. HYDE, Cleveland, Ohio. 
A. E. KENNELLY, Cambridge, Mass. 
C. F. LACOMBE, New York. 
IRVING LANGMUIR, Schenectady, N. Y. 
V. R. LANSINGH, Cleveland, Ohio. 
PRESTON S. MILLAR, New York. 
E. B. ROSA, Washington, D. C. 
W. D'A. RYAN, Schenectady, N. Y. 
G. H. STICKNEY, Harrison, N. J. 


RAILWAY COMMITTEE. 
FRANK J. SPRAGUE, Chairman, 
165 Broadway, New York. 

E. B. KATTE, Vice Chairman, 

Grand Central Terminal, New York. 
A. H. ARMSTRONG, Schenectady, N. Y. 
F. W. CARTER, Rugby, England. 
FREDERICK DARLINGTON, New York. 
W. A. DEL MAR, New York. 
C. E. EVELETH, Schenectady, N. Y. 
W. S. GORSUCH, New York. 
HUGH HAZELTON, New York. 
E. R. HILL, New York. 
W. S. MURRAY, New Haven, Conn. 
A. S. RICHEY, Worcester, Mass. 
CLARENCE, RENSHAW, Pittsburgh, Pa. 
MARTIN SCHREIBER, Newark, N. J. 
N. W. STORER, East Pittsburgh, Pa. 
B. F. WOOD, Altoona, Pa. 


COMMITTEE ON RECORDS AND 
APPRAISALS OF PROPERTIES. 


W. B. JACKSON, Chairman, 

111 W. Monroe Street, Chicago, Ill. 
HAROLD ALMERT, Chicago, Ill. 
BION J. ARNOLD, Chicago, Ill. 
PHILANDER BETTS, Newark, N. J. 
FRED A. BRYAN, South Bend, Ind. 
H. H. CROWELL, Grand Rapids, Mich. 
HENRY FLOY, New York. 
WILLIAM McCLELLAN, New York. 
H. S. PUTNAM, New York. 
PAUL SPENCER, Philadelphia, Pa. 
W. S. TWINING, New York. 
B. F. WOOD, Altoona, Pa. 


EDUCATIONAL COMMITTEE. 


H. H. NORRIS, Chairman, 

103 College Ave., Ithaca, 
F. C. BATES, New York. 
G. A. DAMON, Pasadena, Cal. 
C. R. DOOLEY, East Pittsburgh, Pa. 
W. A. HILLEBRAND, Corvallis, Oregon. 
J. P. JACKSON, Harrisburg, Pa. 
G. W. LAMKE, St. Louis, Mo. 
C. L. MEES, Terre Haute, Ind. 
J. H. MORECROFT, New York. 
A. J. ROWLAND, Philadelphia, Pa. 
ROBERT SIBLEY, San Francisco, Cal. 
CHARLES P.STEINMETZ, Schenectady, N. Y. 


N. Y. 


[Feb. 
PUBLIC POLICY COMMITTEE. 
CALVERT TOWNLEY, Chairman, 
165 Broadway, New York. 


WILLIAM McCLELLAN, Vice Chairman, 
141 Broadway, New York. 

W. H. BLOOD, Jr., Boston, Mass. 

H. W. BUCK, New York. 

J. J. CARTY, New York. 

C. C. CHESNEY, Pittsfield, Mass. 

JOHN H. FINNEY, Washington, D. C. 

P. JUNKERSFELD, Chicago, Ill. 

H. A. LARDNER, San Francisco, Cal. 

L. A. OSBORNE, East Pittsburgh, Pa. 

E. W. RICE, JR., Schenectady, N. Y. 

LEWIS B. STILLWELL, New York. 

H. G. STOTT, New York. 


PATENT COMMITTEE. 


RALPH D. MERSHON, Chairman, 

80 Maiden Lane, New York. 
BION J. ARNOLD, Chicago, Ill. 
C. S. BRADLEY, New York. 
F. F. FOWLE, New York. 
PETER COOPER HEWITT, New York. 
JOHN F. KELLY, Pittsfield, Mass. 
H. WARD LEONARD, Bronxville, 
M. I. PUPIN, New York. 
A. H. TIMMERMAN, St. Louis, Mo. 
W. E. WINSHIP, Boston, Mass. 
B. F. WOOD, Altoona, Pa. 


N. Y. 


TECHNICAL LECTURES COMMITTEE. 


W. I. SLICHTER, Chairman, 
Columbia University, New York. 
WILLIAM A. DEL MAR, Secretary, 
N. Y. C. & H. R. R. R. Co., 

Grand Central Terminal, New York. 
L. T. ROBINSON, Schenectady, N. Y. 
W. S. RUGG, New York. 
J. B. WHITEHEAD, Baltimore, Md. 


SPECIAL COMMITTEE ON ORGANIZATION 
OF TECHNICAL COMMITTEES. 


W. S. RUGG, Chairman, 
165 Broadway, New York. 
B. A. BEHREND, Boston, Mass. 
H. W. BUCK, New York. 
BANCROFT GHERARDI, New York. 
F. S. HUNTING, Fort Wayne, Ind. 


ENGINEERING COOPERATION 
COMMITTEE. 


WILLIAM McCLELLAN, Chairman, 
141 Broadway, New York. 
H.H. BARNES, Jr., New York. . 
A. W. BERRESFORD, Milwaukee, Wis. 
C. E. SCRIBNER, New York. 
S. D. SPRONG, Brooklyn, N. Y. 
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MEMBERSHIP COMMITTEE. 


À. M. SCHOEN, Chairman, 

Equitable Building, Atlanta, Ga. 
E. W. ALLEN, Chicago, Ill. 
E. А. BALDWIN, Schenectady, N. Y. 
F. J. BULLIVANT, St. Louis, Mo. 
0. B. COLDWELL, Portland, Ore. 
MAURICE COSTER, New York. 
BANCROFT GHERARDI, New York. 
A. H. LAWTON, New York. 
S. J. LISBERGER, San Francisco, Cal. 
N. J. NEALL, Boston, Mass. 
K. C RANDALL, East Pittsburgh, Pa. 
H. CLYDE SNOOK, Philadelphia, Pa. 


CONSTITUTIONAL REVISION COMMITTEE 


BANCROFT GHERARDI, Chairman, 
15 Dey Street, New York. 
P. L. HUTCHINSON, Secretary, New York. 
DUGALD C. JACKSON, Boston, Mass. 
P. M. LINCOLN, Pittsburgh, Pa. 
A. S. McALLISTER, New York. 
WILLIAM McCLELLAN, New York. 
W. S. MURRAY, New Haven, Conn. 
W. S. RUGG, New York. ; 
N. W. STORER, East Pittsburgh, Pa. 
H. б. STOTT, New York. 
P. H. THOMAS, New York. 
CALVERT TOWNLEY, New York. 
W. D. WEAVER, Charlottesville, Va. 


U. S. NATIONAL. COMMITTEE OF THE 
INTERNATIONAL ELECTROTECHNICAL 
COMMISSION 


PRANCIS B. CROCKER, President, 
14 West 45th St., New York. 

À. E. KENNELLY, Secretary, 

Harvard University, Cambridge, Mass. 
C. A. ADAMS, Cambridge, Mass. 
PREDERICK BEDELL, Ithaca, N. Y. 
LOUIS BELL, West Newton, Mass. 
J. J. CARTY, New York. 
GANO DUNN, New York. 
CARL HERING, Philadelphia, Pa. 
à M. HOBART, Schenectady, N. Y. 
^ JUNKERSPELD, Chicago, Ill. 
is 0. MAILLOUX, (Ex Officio) New York. 
7 G. LAMME, Pittsburgh, Ра. 
E LIBB, Jg., New York. 
CHAR 05А, Washington, D. C. 
AVES F. SCOTT, New Haven, Conn. 
"AM TON H. SHARP, New York. 

s UEL SHELDON, Brooklyn, N. Y. 
HENCE P. STEIN METZ, Schenectady, N. Y. 
Ew Y G. STOTT, New York.. 

PLIH STRATTON, Washington, D. C. 
U THOMSON, Lynn, Mass. 


INDEXING TRANSACTIONS COMMITTEE. 


GEORGE 1. RHODES, Chairman, 
111 Devonshire Street, Boston, Mass. 
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COMMITTEE ON CODE OF PRINCIPLES 
OF PROFESSIONAL CONDUCT. 


GEORGE F. SEVER, Chairman, 
13 Park Row, New York. 
H. W. BUCK, New York. 
GANO DUNN, New York. 
JOHN F. KELLY, Pittsfield, Mass. 
SCHUYLER SKAATS WHEELER, 
Ampere, N. J. 


INTERNATIONAL ELECTRICAL CONGRESS, 
SAN FRANCISCO, 1916. 


EXECUTIVE COMMITTEE OF COMMITTEE 
ON ORGANIZATION. 


CHARLES P. STEINMETZ, Honorary Presi- 
dent of Congress. 


E. B. ROSA, Honarary Secretary of Congress. 


H. G. STOTT, Chairman, 
600 West 59th Street, New York. 


JOHN W. LIEB, Jr., Vice-Chairman, 


C. O. MAILLOUX, Chairman, Sub-Committee 
on International Relations, 


A. E. KENNELLY, Chairman, Sub-Committee 
on Program, 


HENRY A. LARDNER, Chairman, Sub-Com- 
mittee on Pacific Coast Relations, 


H. H. BARNES, Jr., Chairman, Sub-Committee 
on Transportation. 


GEORGE F. SEVER, Chairman, Sub-Commit- 
tee on Entertainment. 


PRESTON S. MILLAR, Secretary-Treasurer 
and Chairman, Sub-Committee on Pub- 
су. 556 East 80th Street, New York. 


Р. L. HUTCHINSON, Secretary, А. I. E. E. 
( Ex Officio). 


NEW YORK RECEPTION COMMITTEE. 


A. H. LAWTON, Chairman, 

55 Duane Street, New York. 
H. H. BARNES, Jr., New York. 
F. C. BATES, New York. 
H. M. BRINCKERHOFF, New York. 
W. G. CARLTON, New York. 
MAURICE COSTER, New York. 
D. C. DURLAND, New York. 
H. W. FLASHMAN, New York. 
HENRY, FLOY, New York. 
J. W. LIEB, JR., New York. 
H. B. LOGAN, New York. 
WILLIAM McCLELLAN, New York. 
W. E. McCOY, New York. 
F. A. MUSCHENHEIM, New York. 
FARLEY OSGOOD, Newark, N. J. 
F. A. PATTISON, New York. 
C. E. SCRIBNER, New York. 
GEORGE F. SEVER, New York. 
SAMUEL SHELDON, Brooklyn, 
S. D. SPRONG, Brooklyn, N. Y. 
PERCY H. THOMAS, New York. 
CALVERT TOWNLEY, New York. 
W. Р. WELLS, Brooklyn, N. Y. 


N. Y. 
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HISTORICAL MUSEUM COMMITTEE. COMMITTEE ON RELATIONS OF 
T. C. MARTIN, Chairman, EONSUHTINGOENSINEERS: 


29 West 39th Street, New York. LEWIS B. STILLWELL, Chairman, 


JOHN J. CARTY, New York. 100 Broadway, New York. 

CHARLES L. CLARKE, Schenectady, N. Y. FRANCIS BLOSSOM, New York. 

LOUIS DUNCAN, New York. H. W. BUCK, New York. 

E. W. RICE, Jr., Schenectady, N. Y. GANO DUNN, New York. 

CHARLES F. SCOTT, New Haven, Conn. О. S. LYFORD, Јв., New York. 

FRANK J. SPRAGUE, New York. D. P. ROBINSON, Chestnut Hills, Mass. 
EDISON MEDAL COMMITTEE. Т 


Appointed by the President for terms of five years. 


Term expires July 31, 1918. . Term expires July 31, 1917. 
H. W. BUCK, New York. A. E. KENNELLY. Cambridge, Mass. 
J FRANKLIN STEVENS, Philadelphia, Pa. H. WARD LEONARD), Bronxville, N. Y. 
F. A. SCHEFFLER, New York. ROBERT T. LOZIER, New York. 

Term expires July 31, 1916. Term expires July 31, 1915. 
FRANK J. SPRAGUE, New York. ELIHU THOMSON, Lynn, Mass. 
SCHUYLER SKAATS WHEELER, Chairman, J. W. LIEB, JR., New York. 

Ampere, N. J. 

W. D. WEAVER, Charlottesville, Va. E. L. NICHOLS, Ithaca, N. Y. 


Term expires July 31, 1914. 


PHILIP P. BARTON, Niagara Falls, N. Y. J. J. CARTY, New York. 
J. G. WHITE, New York. 


Elected by the Board of Directors from ils own membership for terms of two years. 


Term expires July 31, 1915. Term expires July 31, 1914. 
H. H. BARNES, JR. New York. FARLEY OSGOOD. Newark, N. J. 
WILLIAM McCLELLAN, New York. RALPH D. MERSHON, New York. 
S. D. SPRONG, New York. CHARLES E. SCRIBNER, New York. 


Ex-Officio Members. 


C. O. MAILLOUX, President, New York. 
GEORGE A. HAMILTON, Treasurer, F. L. HUTCHINSON, Secretary, 
Elizabeth, N. J. New York. 


INSTITUTE REPRESENTATIVES 


ON BOARD OF AWARD, JOHN FRITZ MEDAL. 


DUGALD C. JACKSON, Boston, Mass. RALPH D. MERSHON, New York. 
GANO DUNN, New York. C. O. MAILLOUX, New York. 


ON BOARD OF TRUSTEES, UNITED ENGINEERING SOCIETY. 


GANO DUNN, New York. CHARLES E. SCRIBNER, New York. 
H. H. BARNES, Jr., New York. 


ON LIBRARY BOARD OF UNITED ENGINEERING SOCIETY. 


SAMUEL SHELDON, Brooklyn N. Y. MALCOLM MacLAREN, Princeton, N. J. 
F. B. JEWETT, New York. W. I. SLICHTER, New York. 
F. L. HUTCHINSON, New York. 
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INSTITUTE REPRESENTATIVES 


(Continued.) 


ON ELECTRICAL COMMITTEE OF NATIONAL FIRE PROTECTION ASSOCIATION, 
The Chairman of the Institute's Code Committee, Farley Osgood, Newark, N. J. 


ON, ADVISORY BOARD OF AMERICAN YEAR-BOOK. 
EDWARD CALDWELL, New York. 


ON ADVISORY BOARD, NATIONAL CONSERVATION CONG RESS. 
CALVERT TOWNLEY, New York. 


ON COUNCIL OF AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE. 
W. S. FRANKLIN, South Bethlehem, Pa. G. W. PIERCE, Cambridge, Mass. 


ON CONFERENCE COMMITTEE OF NATIONAL ENGINEERING SOCIETIES. 
CALVERT TOWNLEY, New York. WILLIAM McCLELLAN, New York. 


ON JOINT COMMITTEE ON ENGINEERING EDUCATION. 
CHARLES F. SCOTT, New Haven, Conn. SAMUEL SHELDON, Brooklyn, N. Y. 


ON AMERICAN ELECTRIC RAILWAY ASSOCIATION'S COMMITTEE 
ON JOINT USE OF POLES 


FARLEY OSGOOD, Newark, N. J. F. B. H. PAINE, New York. 
PERCY H. THOMAS, New York. 


ON NATIONAL COMMITTEE ON ELECTROLYSIS 


BION J. ARNOLD, Chicago, Ill. F. N. WATERMAN, New York. 
PAUL WINSOR, Boston, Mass. 


ON JOINT COMMITTEE ON LEGISLATION RELATIVE TO REGISTERING ENGINEERS. 
WILLIAM McCLELLAN, New York. S. D. SPRONG, New York. 


ON BOARD OF MANAGERS, PANAMA-PACIFIC INTERNATIONAL ENGINEERING 
CONGRESS, 1916. 


А. M. HUNT, San Francisco, Cal. J. G. DEREMER, San Francisco, Cal. 
And the PRESIDENT and SECRETARY of the Institute. 


ON NATIONAL COMMITTEE OF INTERNATIONAL ILLUMINATION COMMISSION. 


A. E. KENNELLY, Cambridge, Mass. C. O. MAILLOUX, New York. 
CLAYTON H. SHARP, New York. 


LOCAL HONORARY SECRETARIES. 


JAMES S. FITZMAURICE, WILLIAM G. T. GOODMAN, 
G. P. O. Perth, Australia. Adelaide, South Australia. 
GUIDO SEMENZA, ROBERT JULIAN SCOTT. 
N. 10, Via S. Radegonda, Milan, Italy. Christ Church, New Zealand, 
L. A. HERDT, McGill University, Montreal, Que HENRY GRAFTIO, St. Petersburg, Russia. 
CLARE Р. BEAMES, RICHARD O. HEINRICH, 
Bangalore, Mysore Province, India Genest-str. 5 Schoeneberg, Berlin, Germany. 
A. 8. GARFIELD, 67 Avenue de Malakoff, Paris, France. 
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LIST OF SECTIONS 


Revised to February 1, 1914. 


Name and when Organized 


Atlanta.......... Jan 
Baltimore........ Dec 
Boston.......... Feb 
Chicago................ 
Cleveland........ Sept 


Detroit-Ann Arbor.Jan. 
Fort Wayne.... . . Aug. 


Indianapolis-Lafayette . Jan. 


Ithaca........... Oct 
Los Angeles...... May 
Lynn............ Aug 
Madison. ........ Jan 
Mexico.......... Dec 
Milwaukee.......Feb. 
Minnesota....... Apr 
Panama......... Oct 


Philadelphia..... . Feb. 


Pittsburgh....... Oct. 
Pittsfield........ Mar. 
Portland, Ore..... May 
St. Louis......... Jan 

San Francisco. .. Dec 

Schenectady..... Jan. 
Seattle.......... Jan. 
Spokane......... Feb 

Toledo.......... June 
Toronto.......... Sept 
Urbana.......... Nov. 
Vancouver....... Aug. 


Washington, D.C..Apr. 


Total, 30. 


"08 


Chairman 

A. M. Schoen. 
J. B. Whitehead. 
N. J. Neall 

D. W. Roper. 

J. C. Lincoln. 

A. R. Sawyer. 
T. W. Behan. 

O. S. More. 

E. L. Nichols. 

E. R. Northmore. 
E. R. Berry. 
Edward Bennett. 
Norman Rowe. 
L. E. Bogen. 


W. T. Ryan. 


Edward Schildhauer. 


A. R. Cheyney. 
A. M. Dudley. 
J. J. Frank. 
G. P. Nock. 


F. J. Bullivant. 
A. H. Griswold. 
George H. Hill. 

S. C. Lindsay. 

J. B. Fisken. 
George E. Kirk. 
D. H. McDougall. 
Morgan Brooks. 
E. M. Breed. 

H. C. Eddy. 


(Ғе. - 
Secretary 

H. M. Keys, 

Southern Bell Tel. & Tel. Co., Atlanta, Ga. 
L. M. Potts, 

Industrial Building, Baltimore, Md. 
Leavitt L. Edgar, 

39 Boylston St., Boston, Mass. 
E. W. Allen, 

1028 Monadnock Building, Chicago. Ill. 
R. E. Scovel. 


1663 East 86th Street, Cleveland, Ohio. 


Ray K. Holland, 
Cornwell Building, Ann Arbor, Mich. 


P. H. Haselton, 
Fort Wayne Electric Works 
Ft. Wayne, Ind. 
G. B. Schley, 


805 Pythian Building, Indianapolis, Ind. 


George S. Macomber, 
Cornell University, Ithaca, N. Y. 


C. G. Pyle, 
914 Hibernian Bldg., Los Angeles, Cal. 


J. A. McManus, Jr., 
General Electric Co., Lynn, Mass. 


F. A. Kartak, 
Univ. of Wisconsin, Madison, Wis. 


James Carson, 
Mexican Light and Power Company, 
Mexico City, Mexico. 
L. P. Coulter, 


2500 Chestnut Street, 
Milwaukee, Wis. 
Fred G. Dustin, 


9 South Fifth St., Minneapolis, Minn. 


W.R. McCann, 
Isthmian Canal Commission, 


Culebra, 
H. F. Sanville, 
1326 Chestnut St., Philadelphia, Pa. 


Canal Zone 


E. R. Spencer, 
814 Frick Building, Pittsburgh, Pa. 


G. W. Wade, 
General Electric Company, Pittsfield, Mass. 


R. F. Monges, 
G. E. Co., Electric Building, Portland, Ore. 


A. McR. Harrelson, 

Emerson Electric Mfg. Co., St. Louis, Mo. 
A. G. Jones, 

819 Rialto Building, San Francisco, Cal. 
John R. Hewett, 

Gen. Elec. Co., Schenectady, N. Y. 
E. A. Loew, 

University of Washington, Seattle, Wash. 
H. B. Peirce, 

Box 1436, Spokane, Wash. 
Max Neuber, 

Cohen, Freidlander & Martin, Toledo, O. 
H. T. Case, 

Continental Life Bldg., Toronto, Ont. 
I. W. Fisk, 

University of Illinois, Urbana, Ill. 
L. G. Robinson, 

1003 Holden Building, Vancouver, B. C. 
C. B. Mirick. 


1302 N. Street. N.W., Washington, D. C. 
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Agricultural and Mechanical 


College of Texas..... Nov. 12, '09 
Arkansas, Univ. of...... Mar. 25, '04 
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Cincinnati, Univ. of..... Apr. 10, '08 
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Iowa, Univ. of......... May. 18, '09 
Kansas State Agr. Col...Jan. 10, '08 
Kansas, Univ. of....... Mar. 18, '08 
Kentucky State Univ. of Осі. 14, '10 
Lafayette College....... Apr. 5,112 
Lehigh University...... Oct. 15, '02 
Lewis Institute ........ Nov. 8,'07 
Maine, Univ. of........ Dec. 26, '06 
Michigan, Univ. of. . ..... Mar. 25, '04 
Missouri, Univ. of...... Jan. 10, "03 
Montana State Col...... May 21, '07 
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D. B. Pickens. 
S. S. McGill. 

E. L. Nelson. 

F. O. Schnure. 
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John H. Stewart. 
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E. B. Williams, 
Earle G. Nichols. 
J. H. Scanion. 

C. A. Leech. 


H. C. Hansen. 
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P. H. Evans. 
H. B. Shaw. 
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E. C. Rack, 
A. & M. College, College Station, Tex. 


M. B. Roys, 
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Armour Inst. Tech., Chicago, Ill. 


J. M. Hillman, 
Bucknell University, Lewisburg, Pa. 


L. E. Rushton, 
University of California, Berkeley, Cal. 


J. S. Bishop. 
2345 Kemper Lane, Cincinnati, Ohio. 


F. H. McDonald, 
Clemson College, S. C. 


R. K. Havighorst. 
Colorado State 


Frank A. Redding. 
University of Colorado, Boulder, Colo. 


Ralph R. Chatterton, 
Highland Park College, Des Moines. 


Iowa. 
F. A. Robbins, 
Iowa State College, Ames, Iowa. 


A. H. Ford, 


University of Iowa, Iowa City, Ia. 


W. C. Lane, 
Kansas State Agric. Col., Manhattan, 


Kan. 
L. M. Bocker, 
Univ. of Kansas, Lawrence, Kansas. 


Agricultural College, 
Fort Collins, Colo. 


H. Tyler Watts, 
315 East Maxwell Street, Lexington, Ky. 


V. A. Davison. 
Lafayette College, Easton, Pa. 


G. Forster, 
Lehigh University, S. Bethlehem, Pa. 


A. H. Fensholt, 
Lewis Institute, Chicago, Ill. 


E. L. Getchell. 
University of Maine, Orono, Maine. 


W. B. Kopfer. 
616 Church Street, Ànn Arbor, Mich. 


E. W. Kellogg, 
9 Engineering Building, Columbia, Mo. 


J. A. Thaler, 
Montana State College, Bozeman, Mont. 
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LIST OF BRANCHES —Continued 
Name and when Organized Chairman Secretary 
Nebraska, Univ. of...... Apr. 10, '08 | Olin J. Ferguson. | V. L. Hollister, 


Station A, Lincoln, Nebraska 
New Hampshire Col...... Feb. 19, '09 
North Carolina Col. of Agr. Wm.H.Browne,Jr.| James Fontaine, 
and Mech. Arts....... Feb. 11,110 J West Raleigh, N. C. 


Obio Northern Univ......Feb. 9,'12 | George E. Boesger| Harry Restofski, 
Ohio Northern University, Ada, Ohio. 


Ohio State Univ.........Dec. 20, '02 | L. R. Yeager. John M. Strait, 
Ohio State Univ., Columbus, Ohio. 
Oklahoma Agricultural and A. P. Little. Quentin Graham, 
Mech. Col...... ...... Oct. 13, 11 416 Hester Street, Stillwater, Okla. 
Oklahoma, Univ. of...... Oct. 11, "12 | R. D. Evans. L. J. Hibbard, 
У Univ. оѓ Oklahoma, Norman, Okla. 
Oregon Agr. Col......... Mar. 24. '08 | A. O. Manigold. I. L. Olmstead, 
Oregon Agric. Col., Corvallis, Ore. 
Oregon, Univ. of... ..... Nov. 11, '10 | C. R. Reid. C. H. Van Duyn, 
Univ. of Oregon, Eugene, Oregon. 
Penn State College...... Dec. 20, '02 | T. A. Jones. A. D. Shultz. 
State College, Pa. 
Purdue Univ............ Jan. 26, '03 | C. F. Harding. A. N. Topping, 
Purdue ЕМЕНІ Lafayette, Ind. 


Rensselaer Poly. Inst... . Nov. 12, 00 | E. D. N. Schulte. | W. J. Williams, 
Rensselaer Poly. Institute, Troy, N. Y. 


Rose Polytechnic Inst... . Nov. 10, '11 | Charles F. Harris. | Claude A. Lyon, 
1331 Liberty Avenue, Terre Haute, Ind. 


Rhode Island State Col.. Mar. 14, '13 | Harry Webb. P. M. Randall, Rhode Island State 
College, Kingston, R. I 
Stanford Univ........... Dec. 13, 07 | G. O. Wilson. L. M. Bussert, 
Stanford University, Cal. 
Syracuse Univ...........Feb. 24, '05 | W. P. Graham. R. A. Porter, 
Syracuse University, Syracuse, N. Y. 
Texas, Univ. of......... Feb. 14, '08 | Joseph W.Ramsey, Jam Correll. T А Е 
iversity of / tin, . 
Throop College of Tech- niversity of Texas, Austin, Tex 
mology............... Oct. 14, '10 | Ray Gerhart. R. W. Parkinson, 
Throop Poly. Institute, Pasadena, Cal. 
Vermont, Univ. of....... Nov. 11, '10 
Virginia, Univ. of....... .Feb. 9,712 | Walter S. Rodman Hear ROO аиа Clark, 
| . House, University, Virginia. 
Wash., State Col. of....Dec. 13, '07 | M. K. Akers. H. V. Carpe 
| State Coll. oi of Wash., Pullman, Wash. 
Washington Univ........Feb. 6, 04 | R. D. Duncan, Jr.| C. C. Hardy, 


Washington University, St. Louis, Mo. 


Washington, Univ. of...Dec. 13,'12 | A. P. Newbury. Charles A. Stanwick, 
Univ. of Washington, Seattle, Wash. 


Worcester Poly. Inst..... Mar. 25, '04 | W. C. Blanchard. | Harry B. Lindsay, 
Worcester Poly. Inst., Worcester, Mass. 


Yale University. ........ Oct. 03, 10 | R. G. Warner. K. B. Jones, 
136 Vanderbilt-Scientific, 
New Haven, Conn. 


Total, 47. 
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Midwinter Convention 


As this issue of the PROCEEDINGS 
goes to press, the sessions of the Second 
Midwinter Convention are being held 
in the Engineering Societies Building, 
New York, under the auspices of the 
‘Electric Power Committee of the In- 
stitute. A complete report of the con- 
vention will appear in the April Pro- 
CEEDINGS. ' 


Coming A. L. E. E. Meetings 


New York, March 13, 1914 

The 292d meeting of the A. I. E. E. 
wil be held in the auditorium of the 
Engineering Societies Building, New 
York, March 13, 1914. The meeting 
will be under the auspices of the Tele- 
graphy and Telephony Committee, 
and the Institute of Radio Engineers 
will participate with the A. I. E. E. in 
this meeting. 

Three papers will be presented, two 
of which are A Comparison of the Tele- 
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graph with the Telephone as a Means of 
Communication in Steam Railway Opera- 
tion, by Mr. M. H. Clapp, superin- 
tendent of the telegraph department 
of the Northern Pacific Railway Com- 
pany, and Trafic Studies in Auto- 
matic Switchboard Telephone Systems 
by W. Lee Campbell, general superin- 
tendent of the Automatic Electric Com- 
pany, Chicago; both of these papers 
are printed elsewhere in this issue of 
the PROCEEDINGS. Under the aus- 
pices of the Institute of Radio Engi- 
neers a paper will be presented on 
“ The Goldschmidt System of Radtotele- 
graphy" by Mr. E. E. Mayer; this 
paper will be illustrated by lantern 
slides. | 

At the close of the technical session 
the meeting will adjourn to the In- 
stitute rooms on the 10th floor, where 
a smoker will be held and light refresh- 
ments served. 


Pittsburgh, April 9-10, 1914 

The 293d meeting of the A. I. E. E. 
will be held in Pittsburgh, Pa., April 9 
and 10, 1914. The meeting will be 
under the auspices of the Committee 
on Use of Electricity in Mines, and the 
following papers will be presented: 
" Mine Duty Controllers" by H. P. 
Reed; “ Self-Contained Portable Elec- 
tric Lamps " by H. O. Swoboda; Mine 
Substations, Part I, “Тһе Construction 
and Operation of Mine Substations ” 
by H. Booker; Part II, “ Motor-Gener- 
ator Sets vs. Synchronous Converters as 
Applied to Mine Work", by W. M. 
Hoen; and “Тһе Development of the 
Electric Mine Locomotive" by G. M. 
Eaton. There will also be a general 
discussion on rules for electrical instal- 
lations in mines, and the following 
rules will be used as a basis of discus- 
sion—(a) German Rules, (b) English 
Rules, (c) Bureau of Standards Rules, 
(d) American Mining Congress Rules, 
(e) Pennsylvania Mining Law, Elec- 
trical Section. 

The complete program of the Pitts- 
burgh meeting will be published in the 
April issue of the PROCEEDINGS. 
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Washington, D. C., April 24-25, 1914 

The 294th meeting of the Institute 
wil be held in Washington, D. C., 
April 24-25, 1914. "This will be a joint 
meeting under the auspices of the Elec- 
trophysics Committee and the Wash- 
ington Section of the A.I.E.E., and the 
American Physical Society. There will 
be five papers presented on behalf of 
the: A.I.E.E., as follows: “А Theory 
of Corona” by Bergen Davis, '' Some 
Investigations of Lightning Protection 
for Buildings” by T. M. De Blois, 
“А Milliampere Current Transformer " 
by Edward Bennett, “ Some Simple 
Examples of Transmission Line Surges” 
by W. S. Franklin, and '' Solenoids " 
by С. R. Underhill. 

The program is as follows—Friday, 
April 24, morning: technical session, 
Physical Society and the A. I. E. E., 
conducted by the Physical Society. 
Afternoon: inspection of buildings of 
the Bureau of Standards and exhibi- 
tion of laboratory equipment and meth- 
ods. In addition to the apparatus 
of the Bureau there will be an exhibit 
of recently developed lecture, labora- 
tory and research apparatus supplied 
by manufacturers, dealers, universities, 
and private individuals. This exhibit 
is under the auspices of the American 
Physical Society and will be similar to 
the successful annual exhibits of the 
London and French Physical Societies. 
Evening: joint technical session of the 
Physical Society and the A. I. E. E., 
conducted by the Electrophysics Com- 
mittee, to be followed by a smoker. 

Saturday, April 25, morning: tech- 
nical session of the Physical Society 
and the A. I. E. E., conducted by Phy- 
sical Society. Afternoon: visits to 
points of interest in Washington. 
Parties to be conducted by the Wash- 
ington Section of the A. I. E. E. 

The details of this program are ten- 
tative and subject to modifications. 


New York, May 19, 1914 


The 295th meeting of the A. I. E. E. 
will be held in the auditorium of the 
Engineering Societies Building, New 
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York, May 19, 1914. This will be the 
regular annual business meeting of the 
Institute at which the announcement 
of the election of officers for the ensu- 
ing year will be made. Following the 
business meeting there will be a tech- 
nical session under the auspices of the 
Committee on Electricity iñ Marine 
Work. The papers to be presented at 
this meeting will be announced in a 
future issue of the PROCEEDINGS. 


Pittsfield, May 29, 1914 


The 296th meeting of the A. I. E. E. 
will be held at Pittsfield, Mass., May 
29, 1914. The headquarters of the 
meeting will be at the Maplewood 
Hotel, Pittsfield, and the meeting will 
be under the auspices of the Pittsfield 
Section of the Institute. The principal 
suvject of the meeting will be “ Rela- 
tive Advantages of Y and Delta Connec- 
Поп”, and all the papers presented 
will have some bearing on this general 
subject. The following papers have 
been promised forthis mecting: ‘‘Ground- 
ing of Transmssion Lines ", by C. P. 
Steinmetz; “Experience with Line Trans- 
formers ", by D. W. Roper; “ A Study 
of Some Three-Phase Systems ", by C. L. 
Fortescue; '' Relative Merits of Y and 
Delta Connections for Generators ", by 
T. S. Eden; “ Conditions under which 
Harmonics are Produced", by Mr. 
Clinker; апа ‘ Stresses in Three-Phase 
Operation ", by L. F. Blume. 


Annual Convention 
June 22-26, 1914 


The 31st Annual Convention of the 
A. I. E. E. will be held in Detroit, 
Michigan, June 22-26, 1914. Conven- 
tion headquarters will be at the Hotel 
Cadillac. The Meetings and Papers 
Committee requests that authors de- 
siring to present papers at this conven- 
tion will notify the committee to this 
efféct promptly and submit their manu- 
scripts at Institute headquarters on 
or before April 1, 1914. 
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1914 Year Book 


The Institute Year Book for 1914 has 
been published and may be obtained 
free of charge by any member upon ap- 
plication to the Secretary, 33 West 39th 
Street, New York, by mail or otherwise. 
The book, which is published primarily 
for distribution to non-members in con- 
nection with the work of the Member- 
ship Committee, contains the constitu- 
tion, by-laws, lists of committees and 
members, and considerable other gen- 
eral information relating to the activi- 
ties of the Institute. 


Cleveland Section Meeting 


The March mecting of the Cleveland 
Section of the А. I. E. E. will be held 
on Monday, March 23, in the elec- 
trical laboratory of the Case School of 
Applied Science, Cleveland. The paper 
of the evening will be presented by Mr. 
L. P. Crecelius and is entitled Sixty- 
Cycle Synchronous Converters. Тһе 
paper is printed elsewhere in this issue. 


Opening of the 38th Street 
Station, Sixth Avenue 
Elevated Railway 


The attention of members of the In- 
stitute ‘and all who make use of the facil- 
ities of the Engineering Societies Build- 
ing in New York, is called to the fact 
that a new station has recently been 
opened at 38th Street on the Sixth 
Avenue elevated railway line of the 
Interborough Rapid Transit Company. 
This new station increases the acces- 
sibility of the Institute headquarters. 


Progress Report of Joint 
Committee on Inductive 
Interference 


—— 


The Joint Committee on Inductive 
Interference, authorized by the Rail- 
road Commission of the State of Califor- 
niato make investigations into inductive 
disturbances in telephone and telegraph 
Circuits, as a basis for future regulations 
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of the commission, has issued a second 
progress report, covering the work done 
up to December 16, 1913, on the study 
of two parallels (20 miles and 8 miles) 
of high-tension three-phase transmission 
lines and telegraph and telephone cir- 
cuits in California. Some of the gen- 
eral results and conclusions indicated by 
a study of the engineers' reports are 
given. Until such time as the Joint 
Committee is prepared to make definite 
recommendations to the Railroad Com- 
mission it will indicate only in a general 
way the results of its investigation. 
'This second progress report has bcen 
published in full in Western Engineering, 
February, 1914, page 96, and in the 
Journal of Electricity, Power and Gas, 
Vol. XXXII, No. 5, page 101 (January 
31, 1914). An abstract was published 
in the Electrical World, Vol. 63, No. 6, 
page 300 (February 7, 1914), and certain 
extracts from the report were given ver- 


"batim in the Electric Railway Journal, 


Vol. 43, No. 6, page 313 (February 7, 
1914). 


Recommended for Transfer, 
February 17, 1914 


The Board of Examiners, at its regu- 
lar monthly meeting on February 17, 
1914, recommended the following mem- 
bers of the Institute for transfer to the 
grades of membership indicated. Any 
objection to these transfers should be 
filed at once with the Secretary. 

To THE GRADE OF FELLO W 
PENDER, HAROLD, Professor of Elec- 
trical Engineering, Massachusetts In- 
stitute of Technology, Boston, Mass. 

To THE GRADE OF MEMBER 
BoLToN, FRANK C., Professor of Elec- 
trical Engineering, A. & M. College 
of Texas, College Station, Texas. 
CREAGH, Epric C., Electrical Engineer, 

Hydro-Electric Power & Metallurgi- 

cal Co., Ltd., Hobart, Tasmania. 
MAXWELL, J. M. S, Electrical Engi- 

neer, Glasgow, Scotland. 
WARREN, J. F., Engineer in charge, 

Waipori Falls Power Station, Dune- 

din, New Zealand. 
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WINETRAUB, ADOLPH I. M., Resident 
Engineer, General Electric Co., Ha- 
vana, Cuba. 


Applications for Election 


Applications have been received by 
the Secretary from the following candi- 
dates for election to membership in the 
Institute. Unless otherwise indicated 
the applicant has applied for admission 
as an Associate. If the applicant has 
applied for direct admission to a higher 
grade than Associate, the grade follows 
immediately after the name. Any 
member objecting to the election of any 
of these candidates should so inform 
the Secretary before March 30, 1914. 
Albrecht, A. H., St. Louis, Mo. 
Alexander, W. N., Council Bluffs, Ia. 
Andrew, W. M., Toronto, Ontario. 
Applegate, K. P., Hartford, Conn. 
Arthur, M. W., Cincinnati, Ohio. 
Bagley, R. C., Chicago, Ill. 

Ball, W. J., Moline, Ill. 

Barnard, J. A., Philadelphia, Pa. 
Bentley, R. O., Hackensack, N. J. 
Berry, R. M,, Bedford City, Va. 
Braga, E. de A. (Fellow), Rio de Janeiro, 

Brazil 
Bullard, L. H., Gatun, C. Z. 

Bunn, D. M., Bluefield, W. Va. 
Clark, W. C., Kellogg, Idaho 
Clendenin, J. C.,(Member), Lynn, Mass. 
Coates, W. A., (Member), Toronto, Ont. 
Connon, C. A., Bodfish, Cal. 

Cornell, G. B., Jr., Yonkers, N. Y. 
Cory, F. C., Toledo, Ohio 

Crampton, F. F., Toledo, Ohio 
Davies, W. P., Schenectady, N. Y. 
Deacon, R. W., Sudbury, Ont. 

Decl, G. R., Corozal, C. Z. 

Falcke, J., Rhodesia, S. Africa. 
Fitzpatrick, W. L., Corozal, C. Z. 
Force, H. H., New Britain, Conn. 
Furlong, W. R., Washington, D. C. 
Gill, M. F., Dallas, Texas. 

Gillett, O. G., New York, N. Y. 
Goldman, O. B., Portland, Ore. 
Graham, F. A., Kansas City, Mo. 
Hamilton, J. T., Van Nest, N. Y. 
Harrington, L. J., Chicago, Ill. 
Hood, S. B., (Member), Toronto, Ont. 
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Hummel, P. B., Jamaica, L. I., N. Y. 
Lapp, J. S., Victor, N. Y. 

Lewis, R. H., Brainerd, Minn. 
Macintosh, J. M., Rio de Janeiro, Brazil. 
Meyer, А. A., Detroit, Mich. 

Nellis, W. H., Corozal, C. Z. 

Norton, K. E., Coldwater, Mich. 
Olsen, B., Spokane, Wash. 

O'Neill, C. F., New York, N. Y. 
Paget, J. H., Vancouver, B. C. 
Palmblade, R. F., Peoria, Ill. 
Patterson, J. G., Boston, Mass. 
Perry, W. J., Corozal, C. Z. 

Place, A. G., Youngstown, Ohio 
Powell, W. T., Chicago, Ill. 

Ramm, T. D., St. Paul, Minn. 

Rice, L. E., Scranton, Pa. 

Russell, F., Spokane, Wash. 

Sato, Y., Tokyo, Japan. 

Scholl, W. E., Wallace, Idaho. 

Scott, H. C., Easthampton, Mass. 
Shaw, T. (Member), New York, N. Y. 
Simmons, W. B., Newark, N. J. 
Stacy, W. K., Spokane, Wash. 
Stange, H. D., Chicago, Ill. 
Stegmaier, C. H., Indianapolis, Ind. 
Summers, O. B., Birmingham, Ala. 
Suttor, J. B., Jr., Sydney, Australia. 
Thompson, R. E., Boston, Mass. 
Thompson, R. M., Toronto, Ont. 
Uggla, W. R., Finspong, Sweden. 
Webber, E. M., Chicago, Ill. 
Whiting, H. S., (Member), Culebra,C.Z. 
Woodhouse, G. E., Toronto, Ont. 
Worthington, E. H., Chicago, Ill. 
Wvckoff, H. J., Detroit, Mich. 


—  [ —— 


United Engineering Society 
Treasurer's Report 


To tne Board of Trustees, 
United Engineering Soctety. 

I beg to submit herewith the report 
of your Treasurer as of December 31, 
1913: 

I. FINANCES 

The balance sheet submitted herewith 
shows the physical property of the Uni- 
ted Engineering Society, over and above 
the value of the building and the equity 
in the land, to consist of building equip- 
ment of a value of $27,357.16, furniture 
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and fixtures $5,795.46, and library books 
$329.07. 

There was added to the furniture 
and fixtures account during the year 
1913 an amount representing an ex- 
penditure of $390.96, the principal items 
of which are: drapery and hangings, 
alcove room, $150.66; asbestos booth 
for moving pictures, $70; filing cabinet, 
$50.70; and 3 perforated rubber mats, 
$48. In accordance with a resolution 
of the Board of Trustees, 10 per cent 
depreciation was charged off this ac- 
count for the year 1913. 

The principal of the mortgage on the 
land held by Andrew Carnegie, Esq., 
amounting originally to $540,000, has 
been reduced by payments from the 
Land and Building Funds of the 
Founder Societies to $88,000. Payment 
of $40,000 was made during the year 
by the American Institute of Mining 
Engineers. The present balances due 
from the societies are as follows: 
American Institute of Electrical En- 
gineers, $54,000, and American Institute 
of Mining Engineers $34,000. The 
American Society of | Mechanical 
Engineers has paid the full amount of 
its indebtedness. 

The gross operating expenses for the 
year 1913 were $38,981.54 as compared 
with $47,602.71 for the preceding year, 
showing a decrease of $8,621.17. Dur- 
ing the year 1913 there has been very 
little expenditure of an unusual nature. 
The following are the principal items: 


Storm doors—ground floor........... $220.00 
4 Metal doors s E NIIS жаз е 200.00 
Additions to heating and ventilating... 250.00 
2 Bookshelf cases (reimbursed by 


ЖЕЛЕ Е. Bui loda data dex ERES 930.00 
Painting interior..................... 239.45 
Taking down partitions Room 703, re- 

fitting in Room 901................ 245.75 
Removing partition llth floor (reim- 

bursed by A. S. M. E)............. 64.78 
500 Copies of By-Laws............... 156.14 


In accordance with a resolution of the 
Board at a meeting held on January 23, 
1913, an appropriation of $5,000 was 
made out of the surplus for the year 
1912, and of this amount $4,943.75 was 
Invested in $5,000 New York City 4} 


per cent Corporate Stock, repayable 
1962 at 98 13/16, as an addition to the 
Contingency and Renewal Fund, as 
provided for in the Founders’ Agree- 
ment, bringing the amount of said fund 
to $29,963.75. 

The assessments paid for the year by 
the founder societies, each occupying an 
entire floor, were $3,375, representing, as 
last year, a total expenditure by each 
founder society, including interest on 
its full principal of mortgage on land, 
of $10,575, reduced in each case to the 
extent the society may have paid off 
part or all of its mortgage share. The 
Associate Societies are assessed approxi- 
mately $10,000 for equivalent privi- 
leges, which shows that the Founder 
Societies still meet a little more than 
their proportion of the carrying charges 
for equivalent office space occupancy 
in the building. 


II. BUILDING 


Equipment: The real estate equip- 
ment account during the year 1913 has 
been increased to an extent of $732.44, 
expended mainly in changes to north 
side of foyer on ground floor, sliding 
doors to create new room and architect's 
services in connection therewith, also 
bookstacks on the 12th floor. 

Office Occupancy: There was on 
January 1, 1914, no unoccupied floor 
space (devoted to office space) in the 
building. There are, however, two 
rooms on the 12th floor used during the 
past year for storage purposesfrom which 
no income has been received. There 
are now sixteen associate societies oc- 
cupying office space in the building. 

Meetings or Lecturcs: Тһе record of 
the number of times the rooms were 
used during 1913 for meetings or lec- 
tures (not for office occupancy) is shown 
in the accompanying table. 

During the year 1913 the facilities of 
the building were enjoyed by 56 socie- 
ties holding a total of 309 meetings, with 
an attendance of 63,348, as contrasted 
with 60 societies holding 253 meetings 
with an attendance of 42,324 during 
1912. 
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MEETINGS IN ENGINEERING SOCIETIES BUILDING DURING 1913 


Number of times occupied 


Meeting Room 1912 1913 Change 
Auditorium 3rd and 4th floors ................ 46 69 23 more 
No. 1 Assembly Room 5th floor ................ 39 56 17 “ 
“ 2 s > nth. ves ТТК 70 129 5) “ 
* 3 s А hi4 E ee aac yapa 33 101 es “ 
* 5 Lecture Room 6th *  ................ 35 10* 25 less 
“ 8 к s Otho f^ cocos EIN 84 20* 64 “ 
Small Committee Room 2nd *  ................ 12 o+ 12 © 
š “ (Off Foyer)lst *  ................ 0 10 10 more 
Assembly Room 1201 12th * ................ 0 18 18 * 
Total ОТО re bara t анан RA 319 413 94 * 


*No. 5 and No. 8 Lecture Rooms are now occupied by the American Museum of Safety, and the 
Small Committee Room on the second floor is used as a storage space by the National Electric Light 
Association. Room No. 1201 was occupied last year by the Efficiency Society. 


III. LIBRARY UNITED ENGINEERING SOCIETY 

During the year 1913 there were BALANCE Pe н 1, 1914 
added to the Library of the three 
R NU 1 | | а b Real Estate—Land............. $ 540,000.00 
Founder Societies and United Engineer- Real Estate Building........... 1,050,000 .00 
ing Societies, 3,566 volumes and pam- Real Estate—Equipment........ 27,357.16 
phlets, of which 762 volumes and pam- Furniture and Fixtures.......... 5,795.46 

hlets were urchased at co New York City Bonds 44% 1917. 5,231.25 
Аа 078.04 i al НИ % f E = New York City Bonds 44% 1930-60 5,062.50 
$2,078.04. ле total number of books New York City Bonds 41% 1962. 4,943.75 
and pamphlets in the library at theend Baltimore & Ohio Bonds........ 5,037.50 
of the year is 54,245. Delaware & Hudson Company 

The attendance during the vear was Bonds 4% 1943............... 4,933.75 
11.091 as d ed E 10 P dur Southern Railway Bonds 4% 1956 4,755.00 

j аз ере WI | uring Library Books U. Е. 5.......... 329.07 
1912, an increase of 569 for the year Library Adjustment Account..... Ü 46.75 
1913. Accounts Receivable............. 4564.18 

The department of research work has Unexpired insurance. ........ 960. 83 


continued its activity during the past Cash: 
year. 168 searches have been made on Working Balance.. $16,446.20 
a great variety of subjects in answer to For Contingency 


requests received from correspondents ang Depreciation: - 10000100 
> . K . A li Ways and Means 
in Patagonia, orea, Japan, Australia, Committee. ..... 1,165.08 
Mexico, South Africa, The Congo Free ————— 27,611.28 
State, Alaska, Canada, and England, as Petty СазВ.................... 500.00 
well аз from different parts of the United Interest Receivable............. 680.00 
States. These searches have included $1.687.808.48 
the making of several hundred photo- 
: : LIABILITIES 
graphic reproductions. More than a 
h s m. NT h b Balance of Land 
thousand reference questions have been MortgageA.I.E.E.. $54,000.00 
answered at the desk. Balance of Land 
The Library receives more than 800 MortgageA.I.M.E. 34,000.00 
technical periodicals, which ar 1]- 88.000.00 
haiak pesodicas, ушен ате avail dol pow КЫН 2 7350000 60 
able through indexes for research pur- А s. M. E. Equity in Building... 350,000.00 
poses. A. I. M. E. Equity in Building... 350,000. 00 
Respectfully submitted, A. I. E. E. Equity in Real Estate 
S Equipment................... 3,346.61 
Jos. STRUTHERS, A. S. M. E. Equity in Real Estate 
Treasurer. Equipment................... 3.346.62 
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A.I. M. E. Equity in Real Estate 


Equipment................... 3,346 .62 

A. I. E. E. Payments to date in li- 
quidation of mortgage on land.. 126,000.00 

A. S. M. E. Payments to date in li- 
quidation of mortgage on land.. 180,000.00 

A.I. M. E. Payments to date in li- 
quidation of mortgage on land.. 146,000.00 
For Contingency and Depreciation 40,000.00 
Waysand Means Committee..... 1,165.08 
Library Adjustment Áccounts.... 75.45 
Accounts РауаЫе............... 1,070.14 
Surplus Account................ 45,457 .96 
$1,687,808 .48 


UNITED ENGINEERING SOCIETY 


STATEMENT OF RECEIPTS AND DISBURSEMENTS 
YEAR ENDING DECEMBER 31, 1913 
CasH RECEIPTS 


Balance on hand January 1913..... $ 13,541.76 


Account of Interest on Mortgage... 3,240.00 
Assessment оп Societies— Offices, 

Meetings, еїс.................. 64,507 .64 
Library Account................. 8,175.27 
Interest on Bonds and Deposits.... 1,783.76 


A.I.M.E.in reduction of mortgage.. 40,000.00 


DISBURSEMENTS 
Account of Interest on Mortgage.. $ 3,920.00 


Account of Real Estate Equipment. 732.44 
Operating Expense—Cash Expendi- 

{гез Loco бек x PEG e es 38,035.40 
Furniture and Fixtures........... 317.21 
Library Account................. 8,175.27 
Bonds Purchased (Contingency and 

Depreciation Fund)............. 4,943.75 
Accrued Interest on Bonds Pur- 

chased MERE DO 104.48 
Accounts РауаЫе. ............... 2,024 . 56 
A.I. M. E. Office Space Released.. 4,084 .00 
Insurance....................... 632.62 
Library Adjustment.............. 667 .42 
Payment in reduction of mortgage. 40,000.00 
Balance on hand— January 1, 1914. 27,611.28 

$131,248 . 43 


UNITED ENGINEERING SOCIETY 


OPERATING INCOME AND EXPENSES, Y EAR ENDING 
DECEMBER 31, 1913 ғ 
Імсомв 


Assessment on Societies .$41,300.75 
Less: Refund for office 
3,435.00 
37,865.75 
Assessment Miscellaneous (Offices 
and Мееніпав).................. 12,707.50 


Telephone Returns................ 4,836 .68 
Miscellaneous Charges to Societies.. 3,622.17 
U. E. S. Library Returns........... 130.25 
Interest аео a ils E 1,679.28 

$60,841 .63 


INSTITUTE AFFAIRS 83 


EXPENSES 

Operating Expenses—Gross........ $38,981 . 54 
.For Contingency and Depreciation.. 10,000.00 
Insurance........................ 1,034.48 

Depreciation on Furniture and Fix- 
tires у. часы ты а нек не yes dads 600.50 
Balance carried to Surplus Account.. 10,225.11 
$60,841.03 


Past Section Meetings 


BALTIMORE 

The December meeting of the Balti- 
more Section was held in the physical 
laboratory of the Johns Hopkins Univer- 
sity, Wednesday evening, December 17, 
1913. 

Two papers were presented: '' The 
Growth of Electric Light and Power 
Service in Baltimore and Vicinity", 
by A. S. Loizeaux, and “ How Susque- 
hanna Power Keeps Pace with Balti- 
more's Industrial Progress ", by R. B. 
Clapp. 

This meeting was the first of several 
to be distributed through the year de- 
scribing the steam and hydroelectric 
power systems supplying electrical 
energy to Baltimore and its vicinity. 
The papers of the evening were generally 
descriptive in their nature and outlined 
the various transformations of energy 
from the water plant or coal pile 
through the various steps to the con- 
sumer. Subsequent meetings will prob- 
ably be held at power stations or sub- 
stations and will aim to illustrate the 
matter brought out in the first papers. 
The papers were illustrated by lantern 
slides. 

Chairman J. B. Whitehead presided. 
51 members and guests were present. 


The January meeting of the Balti- 
more Section was a joint meeting held in 
coéperation by the Department of Engi- 
neering of the Johns Hopkins University, 
the Baltimore Section, American Insti- 
tute of Electrical Engineers, and the 
Baltimore Consolidated Section of the 
National Electric Light Association. 

Two papers were presented: “ The 
Hydraulic Plant of the Mississippi 
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River Power Company at Keokuk, 
Iowa'', by Mr. Walter Goodenough, 
read by Mr. A. S. Loizeaux, electrical 
engineer of the Gas and Electric 
Company; and '' The Ozark Power and 
Water Company's Development on 
White River near Forsythe, Мо.” by 
Mr. T. O. Kennedy, read by Mr. J. C. 
Lathrop, designing engineer of the Gas 
and Electric Company. 

The papers were illustrated by a 
series of lantern slides. 106 were in 
attendance. 

BosTON 

A meeting of the Boston Section 
was held in the auditorium of the 
Engineers Club, December 18. The 
meeting was addressed by Mr. B. A. 
Behrend, consulting engineer, on the 
subject “ A Great Engineering Disaster 
and the Lessons Learned Thercfrom ”. 
The paper related specifically to the 
failure, while under test, of the first of a 
number of large waterwheel-driven 
generators made for the plant of the 
Niagara Falls Hydraulic Power and 
Manufacturing Company, in 1908. 
Mr. Behrend described in much detail 
the design of the generator, showing the 
reasons for the failure and the lessons 
obtained from the accident. At this 
meeting the causes of the failure 
were made public for the first time, the 
general design of this unit having 
originally been described in a paper by 
Mr. Behrend, July 1, 1908, read at the 
Atlantic City Convention. 

The meeting was held jointly with 
the American Society of Mechanical 
Engineers and the Boston Society of 
Civil Engineers, with a total attendance 
of about 125. Mr. N. J. Neall, chair- 
man of the Boston Section A.I.E.E., 
presided. 

CHICAGO 

A joint meeting of the Chicago Section 
of the Institute and the Electrical 
Section of the Western Society of Engi- 
neers was held on Monday evening, 
January 26. The mecting was largely 
attended, about 300 members and 
guests being present. Mr. B. J. Arnold 
addressed the meeting on  ''City 
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Transportation, Subways and Railroad 
Terminals ", with lantern slide illustra- 
tions. 

DETROIT-ANN ARBOR 

The Detroit-Ann Arbor Section held 
a meeting on January 16, at the 
Griswold House, Detroit. 

After the conclusion of the business 
session, Professor A. R. Batley of the 
University of Michigan gave an illus- 
trated lecture on “ Electrical Ассев- 
sories for Gasoline Automobiles ''. After 
the paper a discussion was generally 
entered into, led by Messrs. J. O. 
Heinze, of the General Motors Company, 
Mr. W. H. Conant of the Gould Stor- 
age Battery Company, Mr. Knight of 
the Packard Motor Car Company, and 
other representatives of a number of 
the leading automobile manufacturers 
of Detroit. 

Professor A. R. Sawyer, the chairman, 
presided, and the meeting was attended 
by 85 members and visitors. 


FORT WAYNE 

The Fort Wayne Section helda 
meeting on January 22, at the Fort 
Wayne Commercial Club, which was 
attended by 21 members and visitors. 
Chairman T. W. Behan presided. No 
regular program had been arranged, 
so the members took part in a general | 
discussion of plans for the future meet- 
ings of the Section. 


INDIANAPOLIS-LAFAYETTE 

The January meeting of the Indian- 
apolis-LaFayette Section was held at 
Indianapolis on January 16, and con- 
sisted of a trip to the power plants of 
the Indianapolis Light and Heat Com- 
pany and the Merchants Heat and Light 
Company, and to the recently installed 
storage battery plant of the Indian- 
apolis Light and Heat Company. 
These plants are thoroughly modern in 
their equipment, and opportunity was 
offered for inspection of both vertical 
and horizontal turbo-generators, as well 
as of engine type generators, embodying 
the developments made in the last few 
years by the large electrical companies 
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of this country. The storage battery 
plant is capable of carrying its com- 
pany's total load of the downtown 
section of the city for twenty minutes, 
in case of accident to the power plant. 

Transportation was kindly furnished 
for those who attended by the two 
companies whose plants were visited, 
anda lunch was served by the Merchants 
Heat and Light Company at their plant. 
Members and visitors to the number 
of 120 participated in the inspection 
trip. 

Los ANGELES 

The monthly meeting of the Los 
Ángeles Section was held at Music Hall, 
Blanchard Building, on January 20, 
with 84 members and visitors present. 
The paper cf the evening was presented 
by Mr. P. 5. Taylor, entitled “Тһе 
Electrical Precipitation of Dust from 
Rotary Cement Kilns ”. 

The paper was supplemented bya 
discussion in detail by Mr. Walter A. 
Schmidt, who is associated with Mr. 
Taylor in the application of the system 
and conducted the experimental work. 
The paper as presented proved ex- 
ceptionally interesting and was dis- 
cussed in an informal manner by 
Messrs. Nye, Lighthipe, Panter and 
Warren. 

Mr. Wesley H. Beach, attorney for 
the ranchers surrounding the Riverside 
Portland Cement Company, was in 


attendance and spoke briefly on the 


subject from their standpoint, express- 
ing satisfaction with the results thus 
far Obtained. 

Dr. H. B. Morse, chemistry lecturer 
at Berkeley, gave an interesting talk on 
the subject of electrical precipitation 
of dust. 

LYNN 

The third annual banquet of the Lynn 
Section was held on January 24, at 
the New American House, Boston. 
There were 240 members and guests 
present. 

The decorations were chiefly illu- 
minating effects, letters spelling out 
"American Institute of Electrical Engi- 
neers" and ''Lynn Section ", and a 
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large transparency showing the new em- 
blem of the Section in green and white 
with gold letters. 

At the head table were Messrs. 
E. R. Berry, chairman, and J. A. 
McManus, Jr., secretary, of the Section; 
President C. O. Mailloux; W. A. Hall, 
toastmaster of the banquet; Thomas 
D. Lockwood, general patent attorney 
of the American Telephone and Tele- 
graph Company; Professor Harry E. 
Clifford, Harvard University; W. C. 
Fish, manager of the Lynn Works, 
General Electric Company; and Mr. 
D. B. Rushmore, power and mining 
engineer, General Electric Company, 
Schenectady, N. Y. 

Mr. Hall, in his introductory remarks, 
reviewed the past history of the Lynn 
Section, and pointed out the various 
factors which have been responsible for 
its remarkable success. Mr. Hall also 
read a letter from Professor Elihu 
Thomson, expressing his regret at not 
being able to be present on account of 
an engagement in Philadelphia. 

President Mailloux, during the course 
of his remarks, likened the Lynn Section 
to Caesar's 10th legion and to Napo- 


` leon's old guard, and stated thatit was up 


to the members to keep up their present 
enthusiasm and see that the Section 
held its place in the forefront. He 
expressed the hope that the Section 
would be well represented at the Inter- 
national Electrical Congress which is 
to be held in San Francisco next year. 
Mr. Thomas D. Lockwood, the princi- 
pal speaker, is a well-known telephone 
pioneer, and has been a member of the 
A. I. E. E. since its earliest days. He 
interspersed anecdotes of electrical 
discovery and invention with humorous 
tales, which were greeted with laughter 
and applause. He pictured the early 
man as without resources of strength 
and speed, which characterize the brute - 
creation, but endowed with the divine 
spark of intellect and the power of in- 
vention, and he called to mind the early 
work of 
Stephen Gray, 
Ampere. 


Galvani, Volta and 


such electrical pioneers asc 
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He spoke of the telephone as a factor 
in modern business, and explained how 
the multiple switchboard had become 
a great time-saving factorintheusceofthe 
telephone, estimating that this device 
saved 357,847 days to the people of this 
country alone in опе year. From 
his long connection with the patent end 
of the business, Mr. Lockwood told 
many interesting and amusing stories 
of inventions which became famous. 

Remarks were also made by Mr. W. 
C. Fish, Professor Harry E. Clifford 
and Mr. D. B. Rushmore. 


The regular meeting of the Lynn 
Section, held on Wednesday evening, 
February 4, in Third D of the plant of 
the General Electric Company, brought 
out one of the largest audiences of the 
year, 378 members and visitors, to hear 
Mr. W. B. Potter, engineer of the 
railway department of the General 
Electric Company, who spoke on the 
subject of '' Ele-trification of Railroads”. 

Mr. Potter was introduced by Prof. 
Elihu Thomson, who said that Lynn 
was a pioneer in the manufacture of 
railway motors, and that as early as 
1887 the application of electric power to 
the electric car had been solved. 
Professor Thomson also stated that 
electrification of street railways on a 
large scale was first put into successful 
operation in Boston, when Mr. Henry 
M. Whitney, who was then president 
of the West End Railway, placed the 
order to equip that public service line 
with electric passenger cars. 

Mr. Potter took up first the subject 
of the steam locomotive and described 
the different types which were used for 
various kinds of service, and outlined 
the mechanical features of engines 
used by the railroads of the country. 
He pointed out the great waste of power 
caused by various influences which 
rendered impossible the full utilization 
of the energy generated by the coal 
consumed. 

The point has now been reached when 
the power of the larger locomotives is 
so great that a fireman cannot pass a 
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sufficient amount of coal to maintain 
the full output from the engine. On 
this account such locomotives using 
coal are being generally equipped with 
mechanical stokers, or oil is the pre- 
ferred fucl where its price is not pro- 
hibitive. While the steam road for 
heavy traffic over long distances is 
still the accepted standard for trans- 
portation, the electric road for urban, 
interurban and local service is fast 
displacing steam. 

Mr. Potter described the early tvpes 
of street cars and told of attempts 
to operate these by means of the gas- 
oline engine, compressed air and storage 
batteries, but none of these proved 
successful, and not until the electric 
railway motor was brought out, was 
the horse displaced on our city strects. 
To-day the electric system of trans- 
portation has gone far beyond the 
conventional trolley, and railway trains 
are being operated over long distances 
and at a speed equal to that of steam 
trains. 

Mr. Potter’s lecture was illustrated 
with many lantern slides showing 
railway construction and equipment 
in nearly every country of the world 
and illustrating clearly the different 
types of electric locomotives and cars. 


MEXICO 

. Instead of holding a regular meeting 
on the evening of January 20, the 
members of the Mexico Section and 
their friends repaired to the Cine 
Palacio in Mexico City, to see a series 
of moving pictures illustrating the 
manufacture and use of electrical 
devices, which was shown by Mr. H. 
W. Gottfricd. 

The first reel, called “ The Electrical 
Education of Mr. and Mrs. Thrifty ”, 
presented all the latest electrical devices 
for lighting, heating, and cooking. The 
next was entitled “ What is Behind the 
Button ", and showed the immense 
factories devoted to the manufacture of 
electrical apparatus of every kind. 
The third reel showed the workshops, 
with mechanics engaged in putting these 
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devices together, and the last one 
pictured the manufacture of electric 
meters, fan motors and other equipment. 
There was an attendance of 30 
Institute members and 360 visitors. 


MILWAUKEE 


The joint meeting of the Milwaukee 
Engineers' Society and the Milwaukee 
Section of the A. I. E. E. was held 
Wednesday evening, January 14, in 
the Plankington House. A paper was 
read by Professor Daniel W. Mead, 
consulting engineer and professor at 
the University of Wisconsin. The 
subject of this paper was '' The Present 
Status of Water Powers of Wisconsin ”. 
The lecture was illustrated by lantern 
slides showing a number of waterpower 
developments in Wisconsin. Details 
were given as to the amount of power 
which was now being developed in the 
state and also the amount which could 
be developed, together with estimates 
as to the cost of this development. 

Mr. Emil Vilter presided, and the 
total attendance was 140. 


MINNESOTA 


The regular monthly meeting of the 
Minnesota Section was held on January 
19, in the Ryan Hotel, St. Paul. 
Professor W. T. Ryan, chairman, pre- 
sided, and the total attendance was 65. 
The meeting was preceded by a dinner 
which was attended by some forty 
members and visitors. 

Mr. E. B. Street, engineer of the 
Consumers' Power Company, St. Paul, 
presented a paper on '' The Operation of 
the Consumers' Power Company's Steam 
Heating and Electrical Generating Sta- 
tion in St. Paul”. This paper gave 
rise to considerable discussion of the 
question of steam heat distribution. 

The next paper, on “ The Alternating- 
Current Synchronous Motor "’, was pre- 
sented by Mr. Theodor Schou, chief 
engineer of the Electric Machinery 
Company, formerly with the Westing- 
house Company. His paper was pro- 
fusely illustrated with specially prepared 
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lantern slides, giving in concise form 
many valuable data on this subject. 


PHILADELPHIA 


The Philadelphia Sections of the 
A. I. E. E. and the American Society 
of Mechanical Engineers held a joint 
meeting on February 9,at the Engineers' 
Club, at which the attendance was 172. 
Messrs. A. R. Cheyney and D. R. Yarn- 
all presided. 

The subject of the evening was 
"Business Training for the Engineer "'. 
The first paper was given by Dr. 
Alexander C. Humphreys, who was 
followed by Mr. T. I. Jones. The 
papers were discussed by Professor H. 
H. Norris, Dr. Walter Clark, Professor 
George A. Hoadley, Messrs. Henry 
Hess, Charles H. Bigelow, H. V. 
Schreiber, Allen, Tabor, Wein, Miller 
and W. C. L. Eglin. The discussion 
was closed by Dr. Humphreys and Mr. 
Jones. 

There were 82 men present at the 
dinner preceding the meeting. The 
meeting was followed by the usual 
smoker, which did not brcak up until 
midnight. 


PITTSBURGH 


The Pittsburgh Section helditsregular 
meeting on January 13, in the Oliver 
Building. The meeting was attended 
by 75 members and visitors. Chairman 
A. M. Dudley presided. 

The general subject of the meeting 
was “ The Application of Electricity to 
Automobiles. " Two papers were pre- 
sented, as follows: “ Construction and 
Operation of Electric Trucks,” by 
Mr. T. H. Schoepf, and '' Electrical 
Equipment for Automobile Gas Engines” 
by Mr. C. E. Wilson. 

Both papers were illustrated with 
lantern slides, and called forth an inter- 
esting discussion, in which Messrs. 
Joseph Breslove, E. L. Farrar, K. C. 
Randall, George Criss, G. M. Eaton, 
A. P. Sunnergren, G. M. Kinney, E. A. 
Regestein, J. M. Hipple, A. H. McIntire, 
and А. B. Reynders took part. 
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PITTSFIELD 

The sixth meeting of the 1913-1914 
season of the Pittsficld Section ха 
held in the Berkshire Athenaeum on 
January 22. The speaker of the even- 
ing was Mr. W. S. Andrews of the 
consulting engineering department of 
the Gencral Electric Company, who 
took as his subject, “ Pioneer Electric 
Lighting. ” 

Mr. Andrews showed a number of 
interesting lantern slides, illustrating 
the early work of Mr. Edison in con- 
nection with incandescent lighting. 

Mr. W. W. Lewis presided at this 
meeting, which was attended by 50 
members and visitors. 


The seventh meeting of the Section 
was held January 29, the speaker being 
Mr. H. W. Tobey, of the transformer 
engineering department of the Gencral 
Electric Company. 

Mr. Tobey's subject was, “ Large 
Hydraulic Power Plants.” Special at- 
tention was paid to the Mississippi 
River and Eastern Michigan systems, 
which were recently visited by the 
speaker. 

The talk was illustrated by means 
of lantern slides, showing the construe- 
tion used on these systems, as well as on 
other systems in the United States 
and Europe. 

The attendance at this mecting was 65. 


PORTLAND 

On January 6, the Portland Section 
of the A. I. E. E. held a joint meeting 
with the local section of the N. E. L. А. 
in the assembly rooms in the Hawthorne 
Building of the Portland Railway, 
Light and Power Company. 

The paper of the evening was pre- 
sented bv Mr. B. S. Durkee, of the 
Postal Telegraph Company, on “ Du- 
plex and Quadruplex Telegraphy. ” Fol- 
lowing this paper Mr. A. S. Moody 
delivered a lecture on “ The Hydro- 
electric Developments on the Pacific 
Coast, ’’ with lantern slides. 

Mr. A. E. West presided, and the 
attendance was 30. 
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The A. I. E. E. and N. E. L. A. 
Sections held a joint meeting on 
Tuesday, February 3, in the assembly 
rooms of the Hawthorne Building. 
About forty members of the two 
organizations were present. 

A paper entitled “ New and Pro- 
posed Regulations Affecting Water 
Power Development ” was presented 
by Mr. L. F. Harza. This paper will 
be published 1n the Journal of Electricity, 
PowerandGas,San Francisco, California. 

Mr. C. N. Huggins, secretary and 
treasurer of the Portland Railway, 
Light and Power Company, read and 
discussed Mr. Ralph D. Mershon’s 
paper on “Some Things Engineers 
Should Know Concerning the Rudiments 
of Corporate Finance. ” 

The attention of the members was 
called to the Pacific Coast meeting 
of the A. І. E. E. and the meeting of 
the Northwest Electric Light Associa- 
tion to be held at Spokane September 9, 
10 and 11, 1914. ` 


SAN FRANCISCO 

The San Francisco Section held a 
meeting on January 23, at Native Sons 
Hall. Chairman A. Н. Griswold pre- 
sided. 

Mr. Guy L. Bavlev, clectrical and 
mechanical engineer for the Panama- 
Pacific International Exposition, de- 
livered an address and gave a com- 
prehensive exhibition. of the lighting 
and electrical features of the exposition 
to be held in San Francisco in 1915. 
Mr. Bayley's talk was profusely illustra- 
ted with lantern slides. 

The meeting was attended by some 
250 visitors and members, being one of 
the largest meetings in the history of the 
San Francisco Section, thus showing the 
great interest being taken in the 
Exposition. 

Prior to the meeting about sixty 
members and guests dined at the 
Hof-Brau Cafe. 


OCHENECTADY 
The Schenectady Section gave a 
midwinter smoker on January 24, in 
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the Edison Club Hall, under the di- 
rection of the ''Get-Together Com- 
mittee ", Messrs. A. W. Clark, chair- 
man, Chester Lichtenberg, R. E. Rugen 
and Robert Treat. The members of 
the Edison Club, an organization of 
General Electric Company engineers, 
were invited to be the guests of the 
Schenectady Section. An interesting 
program was presented and light 
refreshments were served. Four hun- 
dred members and guests were present. 


SEATTLE 

The Seattle Section held a meeting 
on January 21 at the Chamber of Com- 
merce. This being the first meeting of 
the year 1914, the officers elected at 
the previous meeting were installed, 
Mr. S. C. Lindsay, of the Puget 
Sound Traction, Light and Power 
Company, as chairman, and Mr. E. A. 
Loew, of the University of Washington, 
as secretary. 

Chairman Lindsay announced the 
membership of committees, as follows: 
executive committee, Messrs. C. F. 
Terrell, chairman, Robert Howes, Glen 
Dunbar; program committee, Messrs. 
Percy Ridgeway, chairman, L. F. 
Curtiss, T. S. Clark; membership 
committee, Messrs. W. R. Hendry, 
chairman, R.L. Rockwell, A.E. Ransom. 

The program of the evening consisted 
of a paper by Mr. F. A. Phipps entitled 
"Modern Steel Electric Furnaces. ” 
The discussion which followed was 
participated in by Messrs. Harisberger, 
Magnusson, Lindsay, Price, Miller and 
Terrill. There were presented some 
interesting data on the cost of the pro- 
duction of steel castings from steel 
scrap by means of an electric furnace 
installed at the Washington Iron Works' 
Seattle plant. 

The total attendance at the meeting 
was 33. 

SPOKANE 

The third meeting of the current 
year of the Spokane Section was held 
on December 19 in the Silver Grill. 
The business meeting was preceded by 
an informal dinner which began at 
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6.30 p. m. Thetrip to be conducted on 
January 17 to the University of Idaho 
at Moscow, including a joint meeting 
with the local sections of the A. S. C. E. 
and the A. I. M. E., was discussed in 
detail, addresses being made by repre- 
sentatives from the other societies and 
by Professor Carpenter of the Washing- 
ton State College at Pullman, who pro- 
mised to head a delegation from that 
school. 

After the discussion of the Moscow 
trip, the committee on advice to the 
library was announced to consist of Mr. 
L. N. Rice, Mr. V. H. Greisser and Mr. 
B. F. Olds. It is hoped that this 
committee will prove of valuable 
assistance to the City Librarian in the 
selection of electrical books which may 
be purchased in the future. 

The event of the evening was a paper 
entitled ‘‘ Efficiency in the Meter 
Department, ” by Mr. J. G. Finley. 
Mr. Finley described a number of 
labor-saving devices which have made it 
possible to handle watt-hour meters in 
the testing room with the maximum 
speed. After discussion, which was 
participated in by practically everyone 
present, the meeting adjourned at 10.30 
p.m. Chairman J. B. Fisken presided. 
The attendance was 48. 


The regular January meeting of the 
Spokane Section was held on Friday, 
January 16, in the Silver Grill. The 
meeting was held subsequent to an in- 
formal dinner and was presided over by 
Chairman J. B. Fisken. There was an 
attendance of 28. The paper of the 
evening, ‘‘ Inductive Interference іп 
Telephone Practise, '' by Н. A. Shearer, 
was read and discussed at length. 


On the following day a trip to the 
University of Idaho at Moscow, Idaho, 
was conducted jointly by the Columbia 
Chapter of the American Institute of 
Mining Engineers, the Spokane Associa- 
tion of the American Society of Civil 
Engineers and the Spokane Section of 
the А.І. Е. Е. Theelectrical paper was 
by Mr. J. B. Fisken and covered the 
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construction of the Little Falls tie line 
of the Washington Water Power Com- 
pany. The trip was cbnducted on a 
special train styled the “ Engineers’ 
Special," and was pronounced an un- 
qualified success by all who attended. 
The total attendance on the trip was 
65, not counting over a hundred students 
who came over from the Washington 
State College at Pullman. 


TOLEDO 

The Toledo Section held a meeting on 
February 6 at the Toledo Commerce 
Club. 

Professor E. B. Thurston of the Ohio 
Northern University addressed the 
meeting on  alternating-current® ma- 
chinery, beginning with polyphase in- 
duction motors, synchronous motors and 
repulsion motors. The speaker explain- 
ed the theories of these different types, 
illustrating with blackboard sketches. 
A general discussion followed. 

Chairman George E. Kirk presided 
at the meeting. The attendance was 25. 


TORONTO 

The second regular meeting of the 
Toronto Section for the season was 
held at the Engineers Club, Toronto, 
on the evening of January 30, 1914. 
Chairman D. H. McDougall presided, 
and the meeting was attended by 97 
members and visitors. 

Mr. N. W. Storer, of the Westing- 
house Electric and Manufacturing Com- 
pany, delivered an address on '' The 
Electrification of Steam Railways. ”’ 
This subject proved very interesting 
and Mr. Storer's address was followed 
by a lively discussion in which Messrs. 
Gaby, Case, Hewson, Hart and Mc- 
Dougall took part. 


URBANA 

The Urbana Section held a meeting 
on January 16 in the electrical engineer- 
ing laboratory of the University of 
Illinois. Mr. J. H. Belt presented in 
abstract the three recent [Institute 
papers on electrical equipment of 
gasoline automobiles, by Messrs, 
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Alfred E. Waller, Alexander Church- 
ward and Frank Conrad. 

Chairman Morgan Brooks presided, 
and the total attendance was 50. 


Persomal 


MR. WALTER C. WAGNER has re- 
signed his position as chief engineer in 
the government service to take up 
private practise as consulting engineer 
at 1128 Henry Building, Seattle, Wash. 
He is now engaged as designing, pur- 
chasing and constructing engineer for 
the Brookings Timber and Lumber 
Company, which is erecting a power 
plant and large electrically driven saw- 
mil at Brookings, Oregon. 


PROFESSOR VLADIMIR KARAPETOFF 
of the electrical department of Cornell 
University recently delivered a course 
of four two-hour lectures in Washington, 
D. C., before the engineer officers of 
the United States Army, Washington 


Barracks. The subjects treated were 
“ Alternating Currents ", '' Theory of 
Electrical Machinery ", “ Design of 
Electrical Machinery ", and “Тһе 


Fundamentals of the Magnetic Circuit.” 


Mr. WILLIAM C. PARRISH, formerly 
manager of the Central Oregon Power 
and Irrigation Company, Walla Walla, 
Wash., is now located in Boise, Idaho, 
working on a special assignment of 
writings of a technical nature covering 
the development of the industries and 
resources of that territory. The hold- 
ings of the Central Oregon Power and 
Irrigation Company have been taken 
over by interests identified with a Carey 
Act withdrawal covering 5000 acres in 
and around Malheur Lake, which is to 
be reclaimed by pumping. Mr. Parrish 
has a financial and engineering interest 
in this enterprise. 


Mr. E. F. SHERWOOD was appointed 
chief engineer of the Eastern group of 
Bell telephone companies on January 1. 
Mr. Sherwood became an operator in 
the office of the Law Telegraph and 
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Telephone Company in New York City 
in 1879, and rose to the managership 
of that system. When that business 
was taken over in 1884 by the Metro- 
politan Telephone and Telegraph Com- 
pany Mr. Sherwood was placed incharge 
of the traffic department of the tele- 
phone company, which position he has 
held for the past thirty years. Mr. 
Sherwood's career is therefore insepar- 
ably linked with the development of 
the telephone business in New York. 


Obituary 


Jutrus C. CaLiscH, Mem. A. I. E. E., 
traction engineer, of the New York 
office of the General Electric Company, 
died on November 28, 1913, after a 
brief illness. He was born in New York 
City, October 18, 1867. After being 
graduated from Stevens Institute of 
Technology in 1887, Mr. Calisch be- 
Came engaged in the development of 
storage battery systems with the Elec- 
tncal Accumulator Company. He then 
entered the service of the Edison United 
Manufacturing Company, which later 

ame the General Electric Company, 
and was in charge successively of their 
Pittsburgh and Buffalo districts. On 
December 19, 1902, Mr. Calisch was 
elected an Associate of the A. I. E. E. 
In 1908 he left the General Electric 

Mpany to become the vice-president 
and general manager of the Buffalo and 
ake Erie Traction Company. Under 
his supervision an electric road was 
built between Buffalo and Erie, Pa., 
with feeder lines reaching intermediate 
districts, which is considered one of the 

t pieces of inter-city railroading in 

~ Country. Upon the completion of 
this work Mr. Calisch returned to the 

eral Electric Company, coming to 

E New York Office as an advisory ex- 
Pert in traction matters, where he re- 
mained until his death. It was on 

ay 20, 1913, that Mr. Calisch was 


transferred to the grade of Member of 
the Institute, 
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. GEORGE RUTHERFORD KEMPTON, 
Assoc. À. I. E. E., local superintendent 
forthe Southern Sierras Power Company 
at San Jacinto, California, died on Jan- 
uary 3, 1914, at Riverside, Cal. His 
death was the result of an accident on 
the day before, at Hemet, near San 
Jacinto, when an electric light pole 
which was being reset got away from 
the gang and struck Mr. Kempton at 
the base of the skull. He did not re- 
cover consciousness, and died the next 
day. George Rutherford Kempton was 
born at Amenia, N. Y., November 22, 
1876, and received his technical educa- 
tion at the Drexel Institute, Philadel- 
phia, and Tufts College, Massachusetts, 
from which he was graduated in 1900 
with the degree of B. S. in electrical 
engineering. After some experience 
on hydroelectric development work in 
Maine, and in the testing department 
of the General Electric Company at 
Schenectady, Mr. Kempton was en- 
gaged as electrical engineer in the office 
of the Supervising Architect, U. S. 
Treasury Department, Washington, D. 
C., in charge of electrical work. In 
1905-1906 he was electrical engineer for 
the U. S. Reclamation Service, at Den- 
ver, Colorado. During the next six 
years he was successively superintend- 
ent of the Laramie, Wyoming, Light 
and Power Company, manager of the 
Kane, Pennsylvania, Electric Light 
and Power Company, and manager of 
the Olean, New York, Electric Light 
and Power Company. He was elected 
an Associate of the Institute on June 
25, 1913. It was on November 12, 
1913, that he left his father's home in 
Buffalo to take up his new work in 
California. 


WALTER AMBROSE PEARSON, Mem. 
A. I. E. E., died in New York City on 
January 25, 1914. He was born 
in Putnam, Conn., July, 1869. Не 
was educated at Tufts College, Mass., 
and was graduated with the degree 
of B. A. in the class of 1890. 
Immediately upon his graduation he 
entered the employ of the West End 
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Street. Railway Company, of Boston, 
which was then going through the early 
stages of electric railway development. 
Mr. Pearson was employed first as a 
station operator. In 1893 he went to 
Brooklyn, N. Y., as electrical engineer 
in charge of the clectric installation of 
the then Brooklyn Heights Railroad 
Company. In 1896 he became elec- 
trical engineer for the Metropolitan 
Street Railway Company of New York 
City, and was particularly active in the 
development of the Lenox Avenue 
underground electric system, which 
wasthe first underground electric system 
to be developed in this country. On April 
23, 1903, he was elected an Associate 
of the Institute, and was transferred to 
the grade of Member on November 20 
of the same year. Mr. Pearson re- 
mained with the Metropolitan Street 
Railway Company until 1906. Не then 
went to Niagara Falls for the Electric 
Development Company of Ontario, in 
charge of the electrical installation and 
construction of that company's power 
house at Niagara Falls. In 1910 he 
went to Rio de Janeiro, Brazil, and there 
remained for two years as assistant gen- 
eral manager of the Rio de Janeiro 
Tramway, Light and Power Companv. 
He returned to the United States in 
1912, owing to poor health in the trop- 
ics, and became associated with the 
banking house of Bertron Griscom and 
Company, with whom he was connected 
at the time of his death, as consulting 
electrical engineer. 

Mr. Pearson was also a member of 
the American Society of Mechanical 
Engineers, the New York Railroad Club 
and the Engineers Club of New York. 


LAWRENCE А. Coss, of the General 
Plant Department of the Mountain 
States Telephone and Telegraph Com- 
pany, at Denver, Colorado, died sudden- 
ly during the mght of February 14, 1914. 
He was born in St. Louis, Mo., Novem- 
ber 24, 1883. His education was re- 
ceived at the St. Louis Central High 
School, and in a three years’ course at 
Washington University, St. Louis, 
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ending in 1909. During a part of this 
time Mr. Cobb was engaged as meter 
tester and assistant wireman for the 
Union Electric Company, St. Louis. 
From 1909 to February, 1911, he was 
assistant to the engineer of the St. Louis 
Refrigerating and Cold Storage Com- 
pany, and then took up his telephone 
work, as exchange engineer and assist- 
ant construction engineer with the Bell 
companies, first in St. Louis and then 
in Denver. Mr. Cobb had made ap- 
plication for election as an Associate 
of the Institute, but the news of his 
death was received before his election 
could be completed. 


Abstracts of Proceedings of 
Foreign Engineering Societies 


SOCIETE INTERNATIONALE DES 
ELECTRICIENS. 
MEETING OF JANUARY 7, 1914 


“ Contribution to the Study of Varia- 
ations of Ferromagnetism as a Function 
of Temperature," by M. P. Dejean. 

This work comprises a systematic 
study of a series of steels with increasing 
carbon contents, from 0.06 to 1.6 per 
cent. Owing to the use of a special 
device constructed for this particular 
purpose, the variations of induction in 
a constant magnetic field, during the 
heating and cooling of the steel samples, 
could be automatically recorded. 

This investigation has shown that: 

1. In the case of cylindrical samples, 
the results were entirely dependent on 
whether the length of the sample was 
equal to a small number of its diameters, 
or was, on the contrary, many times the 
diameter. In the first case the de- 
magnetizing influence of the poles 
materially alters the course of the phe- 
nomenon. 

2. The disappearance of the magnet- 
ism occurs in two discontinuous periods. 
The first corresponds to the critical 
point Á and is reversible (occurs at the 
same temperature, both on heating and 
on cooling); the second is the critical 
point A» and 15 irreversible. 

3. At about 200 deg. cent. a fall of 
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permeability is encountered, corres- 
ponding to the loss of magnetism of iron 
carbide Fe,;C. 

4. A soft, very much oxidized, steel 
has proved to be abnormal up to a tem- 
perature of 250 deg. cent. Above this 
temperature it becomes normal, both 
while heated and while cooled. 

5. A curve of heating of a previously 
tempered steel exhibits a local maxi- 
mum of permeability at 300 deg. cent. 


" Concerning the Criterion of Good 
Commutation of M. Mauduit, and 
Commutation with the Load Variable," 
by M. Guéry. 

As a conclusion to the papers which 
he presented before the Société Inter- 
nationale des Electriciens in December, 
1912, and January, 1913, M. Mauduit 
has given a definition of a criterion of 
good commutation on a neutral theoret- 
ical line, so as to present in a simple 
manner the conclusion of the general 
considerations which he presented in the 
said papers. It is of interest to investi- 
gate the practical value of such a crite- 
rion. This criterion consists in showing 
that the average electromotive force in- 
duced in a section under commutation 
is less than a certain value E, defined by 
the conditions of contact of the com- 
mutator brushes. This average electro- 
motive force may be considered as a sum 
of two other e.m.fs., the first, E,, due 
to the rotation of the section in an 
armature field assumed to be fixed, 
and another, E,, due to the self-induc- 
tance of a leakage circuit belonging to 
the section under consideration. 

This criterion may be therefore ex- 
pressed in a general manner as follows: 


E, + Es < E, 


I. Machines wiih projecting poles. 
It is easy to show that in this case the 
lines of force of the leakage circuit do 
not exist: Es = 0. The permissibility 
of using this criterion would therefore 
be established if one could prove that 
the armature field can be considered as 
fixed. With respect to that, one can 
show that: 
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1. Contrary to what appears to be 
generally admitted, linear commutation 
makes the armature field fixed in only 
exceptional cases. 

2. On the contrary, owing to numer- 
ous causes of damping which exist in 
the majority of machines, the pulsating 
flux due to the balancing of the arma- 
ture field is, very generally, to a large 
extent damped out. 

The criterion has then a precise signif- 
icance, E, being the electromotive 
force which opposes commutation in a 
short-circuited section. For the ex- 
ceptional case when the pulsatory flux 
is not damped out, one can show that 
the criterion, without having a precise 
significance, gives indications tending 
to show the actions opposing good com- 
mutation. The saturation of the mag- 
netic circuit appears to have no effect, 
particularly when the pulsating flux 
is damped out. 

II. Formula for the number of seg- 
ments. The formula of criterion can 
be transformed so as to bring out con- 
structive data. We denote by: 

q the number of commutator seg- 
ments, 

m the number of pairs of circuits in 
parallel between the brushes, 

B average induction in the air-gap, 

k number of amperes per cm. of the 
developed armature, 

E voltage at the terminals. 


mkE 
B 


where K depends on the constructional 
details of the machine which vary but 
little from one type to another, and also 
on the voltage E,: it must have a value 
in the neighborhood of 12. 

III and IV. Machines with commu- 
tating poles and compensated windings. 
For this case one shows easily that, after 
having eliminated E,, one has yet to 
eliminate Es, the lines of force of the 
leakage field exercising all their influence 
after the general armature field has been 
compensated. 

V. Synchronous converters. In this 
case E, does not exist at all, and there 


Then q = K 


L 
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is only Es. If there are no commutat- 
ing poles, K has a value between 6 and 
10. 

VI. Variable load. With a sudden 
variation of load, there may Бе a skin 
effect in the commutator segments. Ву 
a series of approximative calculations it 
is shown that the local increase in den- 
sity of current may be up to 2.4 times 
that of the normal. It would be in- 
teresting to make an oscillographic 
study of variable load conditions in 
continuous-current dynamos, so as to 
obtain an idea of the speed of variation 
in intensity and the real value of the 
points. 


Discussion on “ Commutation," by 
M. Gratzmuller. 

The author refers to the general the- 
ory of commutation presented to the 
Société Internationale des Electriciens 
in January, 1913. The application of 
this theory to certain special cases is 
considered next. The commutation at 
zero electromotive force may occur in 
the full field. 

With multiple windings, the equipo- 
tential connections place the alternators 
in parallel and insure an equal distribu- 
tion of flux; by this means windings in 
series and series-parallel may be ob- 
tained. А good commutation cannot 
be derived only from the distribution of 
currents on the surface of a brush. The 
author establishes, among other things, 
the theory of windings and shows its 
analogv to that of regular polvgons. 
The author derives a theory of the arc 
between brushes. If the difference of 
potential between the segment which 
has just been left by the brush, and the 
brush itself, is too high, an arc is started. 
If this difference of potential is not due 
to the self-induction of the section ex- 
clusively, it stays and may even rapidly 
increase in high-voltage dvnamos. The 
successive sections all create arcs, 
which causes a short circuit between the 
brushes and the starting of an arc be- 
tween them. Since, according to the 
law of Maxwell, the flow of current tends 
to embrace the maximum flux, 1t goes 


[March 


out of itself, and the arc disappears when 
the cause of disturbance disappears. 
The author then describes the commu- 
tation in electrolysis machines, con- 
tinuous-current dynamos driven by 
steam turbines, and dynamos working 
at very high voltages. He points out 
that the device which he recommends 
brings into play at the commutator only 
the unit of electromotive force de- 
veloped in a segment or a fraction of a 
segment. He also indicates a new de- 
vice for driving continuous-current dyn- 
amos by means of steam turbines at 
reduced speeds, by using simultaneously 
the movements of the distributor and 
of the blades. 


Library Accessions 


The following accessions have been made to 
the Library of the Institute, since the last 
acknowledgment. 


L'Académie des Sciences. Tables Générale des 
Comptes Rendus. Vols. 92-121, 1881-1895. 
Paris, 1900.  (Purchase.) 

American Electricians’ Handbook. Compiled 
by T. Croft. New York, 1913. (Purchase.) 

American Institute of Electrical Engineers. 
Year-Book 1914. New York, 1914. (Gift) 

Annuaire de L'Electricité edité par La Lumière 
Electrique 1914. Paris, 1914. (Gift of 
Lumiére Electrique.) 

Annuaire du Bureau des 
Pans, Gauthier-Villars, 
publisher.) 

Betriebsergebnisse elektrischer Zentralen. By 
Adolf Ludin. (Sonderabdrick aus "'Elek- 
trotechnik und Maschinenbau Heft 15, 1912) 
n.p. n.d. (Gift of author.) 

Cours de Physique Générale. 
H. Ollivier. Paris, A. Hermann et Fils, 
1913. (Gift of publishers.) Price 18 fr. 

The author is connected with the University 
of Lille, and the work is to be used as a general 
text book. The first volume is devoted almost 
entirely to electricity and magnetism. W.P. C. 
Electric Light and Motor Wiring. By Geo. 

J. Kirchgasser, Milwaukee,  Electroforce 
Pub. Co., 1913. (Gift of author.) 

The author is an associate member of the 
Institute. The book is vest-pocket size, and is 
a practical handbook, giving directions for wir- 
ing on the basis of the National Electrical Code 
requirements. W. P. C. 
Graphite. Vols. 13-15, Jersey City, 1911-13. 

(Gift of Joseph Dixon Crucible Co.) 

Handbook of Electrical Methods. Compiled 
from the Electrical World. New York, 1913. 
(Purchase.) 


Longitudes. 1914. 
1914. (Gift of 


Tome I. By 
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Jahrbuch der Elektrotechnik. Erster Jahrgan, 
1912. By Karl Strecker. München, 1913. 
(Purchase.) 

Light Railway & Tramway Journal Diary, 1914. 
London, 1914. (Exchange.) 

Natural Philosophy for general readers and 
young people. Translated and edited from 
Ganot's Cours Elémentaire de Physique, 
by E. Atkinson. Ed. 10, revised by A. W. 
Reinold. New York, 1905. (Purchase.) 

New York (City). Electrical Code 1913. New 
York, 1913. (Gift of Department of Water 
Supply. Gas & Electricity.) 

New York State Department of Labor. Annual 
Report of the Bureau of Labor Statistics. 
1912. Albany, 1913. (Gift of New York 
State Department of Labor.) 

New York State. Public Service Commission 
for the First District. Report Vol. 1, 1912. 
Albany, 1913. (Exchange.) 

Philadelphia. Electrical Bureau. Annual Re- 
port of the Chief for year ending Dec. 31, 
1912. Philadelphia, 1913. (Gift of C. 
W. Pike.) 

Rugby Engineering Society. Proceedings Vol. 
X. Rugby.n.d. (Exchange. 

Die Wirschaftlichkeit des geplanten Murgwerkes. 
By Adolf Ілдіп. (Sonderabdruck aus 
Zeitschrift fur die gesamte Wasserwirtschaft, 
1912, pt. 13-15.) N.p.n.d. (Gift of 
author.) 

Workshop Receipts, for the use of manufacturers, 
mechanics and scientific amateurs. By 
Ernest Spon. London-New York, 1873. 
(Purchase.) 


Girt OF AMERICAN ELECTRIC RAILWAY 
ASSOCIATION 


California. Railroad Commission. Report. 
Jan. 1909-June 30, 1910; Jan. 1911-June 30, 
1912. 2 Vols. Sacramento, 1910-1912. 

Plorida. Railroad Commission. Annual Re- 
port 13th, 1910. Tallahassee, 1910. 

Illinois. Railroad and Warehouse Commission. 
Annual Report 42d 1912, Vols. 1-2. Spring- 
field, 1913. 

Kansas. Railroad Commissioners. Report of 
the Board. 21st. Topeka, 1910. 
Nebraska. State Railway Commission. 

nual Report 5th, 1912. 

New Jersey. Board of Public Utility Commis- 
sioners. Annual Report 3d, 1912. Union 
Hill, 1913. 

New York Street Railway Association 
Reports 1898-1902. 


GiFT oF À. E. KENNELLY 


An- 


Annual 


А convenient form of continuous current arti- 
ficial line. (reprinted from Electrical 
World, June 14, 1913.) 
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Daylight Effect in Radio Telegraphy. (reprinted 
from Proceedings of the Institute of Radio 
Engineers, July 1913.) 

Disturbances of Potential and Current Produced 
in an Active Conducting Network by the 
Application of a Leak Load. (reprinted 
from Electrical World, Dec. 28, 1912.) 

Test of an Artificial Aerial Telephone Line at a 
Frequency of 750 cycles per second. By 
A. E. Kennelly and F. W. Lieberknecht. 
(A. I. E. E. meeting June 24, 1913.) 


TRADE CATALOGUES 


Allgemeine  Elektricitáts Gesellschaft. Flam- 
meco-Lampen fur Fabrikbeleuchtung Lehr- 
mittelumformer für experimentelle Zwecke. 

Federal Storage Battery Car Co. Silver Lake, 

New Jersey.—Bull. No. 31—Beach cars, 

propelled by Edison batteries. 

Bull. No. 32—Beach cars, type 301. 

Leeds & Northrup Co. Philadelphia, Pa. Cat- 
alogue No. 44, Reistance boxes and Wheat- 
stone bridges. 

Ohio Brass Co. 
Dec. 1913. 


Mansfield, O.—Bull. Nov.- 


UNITED ENGINEERING SOCIETY 


American Year Book 1913. New York, 1914. 
(Purchase.) 


Engineering Index, 1913. New York, 1914. 


(Purchase.) 
An Expensive Experiment. The Hydro-electric 
Power Commission of Ontario. By R. P. 


Bolton. New York. 1913. (Gift of author.) 
International Acetylene Association. Proceed- 
ings of 16th Annual Meeting, 1913. (Gift 
of Association.) 
Metal Statistics, 1914. 7th ed. New York, 
American Metal Market Co., 1914. (Gift 
of publisher.) 


Michigan Gas Association. Proceedings of the 


22d Annual Meeting, 1913. N.p. 1913. 
(Gift of Association.) 
New York Times Index. Oct.-Dec. 1913. New 


York, 1913. (Purchase.) 

Reference Catalogue of Current Literature. 
3 Vols. London, J. Whitaker & Sons, 1913. 
(Purchase.) 

Universal Elements and their Prime Combina- 
tions. By Julius L. Hornig. Jersey City, 
1913. (Gift of author.) 

University of California. List of Serials in the 
Library. (Library Bulletin No. 18.) Berk- 
eley, 1913. (Gift of University of California) 

The World Almanac, 1914. New York, 1914. 
(Purchase.) 
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OFFICERS AND BOARD OF DIRECTORS, 1913-1914 


PRESIDENT. 
(Term expires July 31, 1914.) 
C. O. MAILLOUX. 


JUNIOR PAST-PRESIDENTS. 


GANO DUNN. RALPH D. MERSHON. 
VICE-PRESIDENTS. А 

(Term expires July 31, 1914.) (Term expires July 31, 1915.) 

A. W. BERRESFORD. J. A. LIGHTHIPE. 

WILLIAM S. MURRAY. H. H. BARNES, JR 

SEVERN D. SPRONG. CHARLES E. SCRIBNER. 

MANAGERS. 
(Term expires July 31, 1914.) (Term expires July 31, 1915.) (Term expires July 31, 1916.) 
F. S. HUNTING. COMFORT A. ADAMS. H. A. LARDNER. 
NORMAN W. STORER. J. FRANKLIN STEVENS. B. A. BEHREND. 
WILLIAM S. LEE. WILLIAM B. JACKSON. PETER JUNKERSFELD. 
FARLEY OSGOOD. WILLIAM McCLELLAN. LEWIS T. ROBINSON. 
TREASURER. (Term expires July 31, 1914.) SECRETARY. 

GEORGE A. HAMILTON. F. L. HUTCHINSON. 


PAST-PRESIDENTS.—1884-1913. 


*NORVIN GREEN, 1884-5-6. CARL HERING, 1900-1. 
*FRANKLIN L. POPE, 1886-7. CHARLES P. STEINMETZ, 1901-2. 
T. COMMERFORD MARTIN, 1887-8. CHARLES F. SCOTT, 1902-3. 
EDWARD WESTON, 1888-9. BION J. ARNOLD, 1903-4. 
ELIHU THOMSON, 1889-90. JOHN W. LIEB, Jr., 1904-5. 
*WILLIAM A. ANTHONY. 1890-91. SCHUYLER SKAATS WHEELER, 1905-6. 
ALEXANDER GRAHAM BELL, 1891-2. SAMUEL SHELDON, 1906-7. 
FRANK JULIAN SPRAGUE, 1892-3. HENRY G. STOTT, 1907-8. 
EDWIN J. HOUSTON, 1893-4-5. LOUIS A. FERGUSON, 1908-09. 
LOUIS DUNCAN, 1895-6-7. LEWIS B. STILLWELL, 1909-10. 
FRANCIS BACON CROCKER, 1897-8. DUGALD C. JACKSON, 1910-11. 
A. E. KENNELLY, 1898-1900. GANO DUNN, 1911-12. 
RALPH D. MERSHON, 1912-13. 

* Deceased. 

HONORARY SECRETARY. GENERA COUNSEL. 
RALPH W. POPE, PARKER and AARON, 


33 West 39th Street, New York. 52 Broadway, New York. 
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STANDING COMMITTEES 
Revised to March 1. 1914. 


EXECUTIVE COMMITTEE 


C. O. MAILLOUX, Chairman, 

90 West St., New York. 
H. H. BARNES, JR., New York. 
GANO DUNN, New York. 
GEORGE A. HAMILTON, Elizabeth, N. J. 
WILLIAM McCLELLAN, New York. 
CHARLES В. SCRIBNER, New York. 
J. FRANKLIN STEVENS, Philadelphia, Pa. 


FINANCE COMMITTEE 


J. FRANKLIN STEVENS, Chairman, 

1326 Chestnut Street, Philadelphia, Pa. 
A. W. BERRESFORD, Milwaukee, Wis. 
S. D. SPRONG, Brooklyn, N. Y. 


LIBRARY COMMITTEE 


SAMUEL SHELDON, Chairman, 

198% Schermerhorn Street, Brooklyn, N. Y. 
F. L. HUTCHINSON, New York. 
F. B. JEWETT, New York. 
MALCOLM MacLAREN, Princeton, N. J. 
W. I. SLICHTER, New York. 


MEETINGS AND PAPERS COMMITTEE 


W. S. RUGG, Chairman, 
165 Broadway, New York. 
LEWIS T. ROBINSON, Secretary, 
General Electric Company, Schenectady, N. Y. 
L. W. CHUBB, Swissvale, Pa. 
H.A. HORNOR, Philadelphia, Pa. 
HENRY H. NORRIS, Ithaca, N. Y. 
end the chairmen of the technical committees. 


EDITING COMMITTEE 


LEWIS T. ROBINSON, Chairman 

General Electric Company, Schenectady, N. Y. 
P. F. FOWLE, New York. 
H. M. HOBART, Schenectady, N. Y. 
M. G. LLOYD, Chicago, Ill. 
A. S. McALLISTER, New York. 
W.1.SLICHTER, New York. " 


CODE COMMITTEE 


PARLEY OSGOOD, Chairman, 
703 Broad Street, Newark, N. J. 
B. A. BEHREND, Boston, Mass. 
J. C. FORSYTH, New York. 
H. B. GEAR, Chicago, Ill. 
H. N. MULLER, Pittsburgh, Pa. 
H. R. SARGENT, Schenectady, N. Y. 
A. M. SCHOEN, Atlanta, Ga. 
GEORGE Р. SBVER, New York. 
C. E. SKINNER, East Pittsburgh, Pa. 


BOARD OF EXAMINERS 
MAURICE COSTER, Chairman, 
165 Broadway, New York. 
W. G. CARLTON, New York. 
A. S. McALLISTER, New York. 
F. W. ROLLER, New York. 
S. D. SPRONG, Brooklyn, N. Y. 


SECTIONS COMMITTEE 
P. M. LINCOLN, Chairman, 
P. O. Box 911, Pittsburgh, Pa. 
C. L. CORY, Berkeley, Cal. 
S. G. McMEEN, Columbus, Ohio. 
W. S. RUGG, New York. 
J. F. STEVENS, Philadelphia, Pa. 
and the chairmen of all Sections, ex officio. 


STANDARDS COMMITTEE 
A. E. KENNELLY, Chairman, 

Harvard University, Cambridge, Mass. 
COMFORT A. ADAMS, Secretary, 

Harvard University, Cambridge, Mass. 
MORTON ARENDT, New York. 
JAMES BURKE, Erie, Pa: 
W. A. DEL MAR, New York. М 
W. С.І. EGLIN, Philadelphia, Ра. 
H. W. FISHER, Perth Amboy, N. J. 
H. M. HOBART, Schenectady, N. Y. 
DUGALD C. JACKSON, Boston, Mass. 
F. B. JEWETT, New York. 
В. G. LAMME, Pittsburgh, Pa. 
W. À. LAYMAN, St. Louis, Mo. 
M. G. LLOYD, Chicago, Ill. 
R. H. MARRIOTT, New York. 
A. S. McALLISTER, New York. 
WILLIAM McCLELLAN, New York. 
W. L. MERRILL, Schenectady, N. Y. 
W. S. MOODY, Pittsfield, Mass. 
HAROLD PENDER, Boston, Mass. 
W. H. POWELL, Milwaukee, Wis. 
CHARLES ROBBINS, East Pittsburgh. Pa. 
LEWIS T. ROBINSON, Schenectady, N. Y. 
E. B. ROSA, Washington, D. C. 
CHARLES F. SCOTT, New Haven, 
CLAYTON H. SHARP, New York. 
C. E. SKINNER, Pittsburgh, Pa. 
JAMES M. SMITH, Ampere, N. J. 
CHARLES P. STEINMETZ, Schenectady, N.Y. 
S. W. STRATTON, Washington, D. C. 
PHILIP TORCHIO, New York. 


LAW COMMITTEE 
CHARLES A. TERRY, Chairman, 
165 Broadway, New York. 
CHARLES L. CLARKE, Schenectady, N. Y. 
CHARLES E. SCRIBNER, New York. 
G. H. STOCKBRIDGE, New York. 
W. B. VANSIZB, New York. 


Conn. 
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SPECIAL COMMITTEES 


Revised to March 1, 1914. 


INDUSTRIAL POWER COMMITTEE 

R. TSCHENTSCHER, Chairman, 

Illinois Steel Company, South Chicago, IN. 
WILLIAM T. DEAN, Chicago, Ill. 
A. C. EASTWOOD, Cleveland, Ohio. 
E. FRIEDLAENDER, Braddock, Pa. 
C. T. HENDERSON, Milwaukee, Wis. 
CHARLES W. PARKHURST, Johnstown, Pa. 
CARL A. PAULY, Schenectady, N. Y. 
W.H. POWELL, Milwaukee, Wis. 
B. R. SHOVER, Youngstown, Ohio. 
ROBERT B. TREAT, East Orange, N. J. 
BRENT WILEY, Pittsburgh, Pa. 


TELEGRAPHY AND TELEPHONY 
COMMITTEE 
F. F. FOWLE, Chairman, 
68 Maiden Lane, New York. 

M. H. CLAPP, St. Paul, Minn. 
E. H. COLPITTS, New York. 
M. M. DAVIS, New York. 
S. P. GRACE, New York. 
A. H. GRISWOLD, San Francisco, Cal. 
JOHN L. HOGAN, Jr., Brooklyn, N. Y. 
L. S. KEITH, Chicago, Ill. 
S. G. McMEEN, Columbus, Ohio. 
CLOYD MARSHALL, New York. 
WILLIAM MAVER, Jr., New York. 
J. H. MORECROFT, New York. 
SAMUEL REBER, Washington, D. C. 
F. L. RHODES, New York. 
J. L. WAYNE, Indianapolis, Ind. 
C. S. WINSTON, Chicago, Ill. 
G. M. YORKE, New York. 


ELECTROCHEMICAL COMMITTEE 

A. F. GANZ, Chairman, 

Stevens Institute of Technology, Hoboken, N.J. 
C. F. BURGESS, Madison, Wis. 
M. W. FRANKLIN, Bloomfield, N. J. 
A. McK. GIFFORD, Pittsfield, Mass. 
CARL HERING, Philadelphia, Pa. 
BURTON McCOLLUM, Washington, 
L. L. SUMMERS, Chicago, Ill. 
W. R. WHITNEY, Schenectady, N. Y. 


COMMITTEE ON 
ELECTRICALLY PROPELLED VEHICLES 
HAROLD PENDER, Chairman, 

491 Boylston St., Boston, 
A. CHURCHWARD, Boston, Mass. 
G. H. JONES, River Forest, Ill. 
ERNEST LUNN, Chicago, Ill. 
FRANK W. SMITH, New York. 
H. H. SMITH, Orange, N. J. 
H. F. THOMSON, Boston, Mass. 
P. D. WAGONER, Long Island City, N. Y. 
F. E. WHITNEY, Philadelphia, Pa. 
J. L. WOODBRIDGE, Philadelphia, Pa. 


D. C. 


Mass. 


COMMITTEE ON USE OF ELECTRICITY IN 
MINES 


WILFRED SYKES, Chairman, 
Box 242, East Liberty, Pa. 
C. W. BEERS, Wilkesbarre, Pa. 
GRAHAM BRIGHT, Willinsburg, Pa. 
H. H. CLARK, Pittsburgh, Pa. 
MARTIN H. GERRY, Jr.. Helena, Mont. 
J. M. HOPWOOD, Wheeling, W. Va. 
J. T. JENNINGS, Pottsville, Pa. 
B. T. VIALL, Miami, Arizona. 
GEORGE R. WOOD, Philadelphia, Pa. 


COMMITTEE ON USE OF ELECTRICITY IN 
MARINE WORK 


C. S. McDOWELL, Chairman, 

U. S. Navy, Navy Yard, New York. 
D. M. MAHOOD, Secretary, 

U. S. Navy Yard, Brooklyn, N. Y. 

J. J. CRAIN, Quincy, Mass. 
MAXWELL W. DAY, Schenectady, N.Y. 
W. L. R. EMMET, Schenectady, N.Y. 
F. C. HANKER, Wilkinsburg, Pa. 
H. L. HIBBARD, Milwaukee, Wis. 
GUY HILL, Brooklyn, N. Y. 
H. A. HORNOR, Philadelphia, Pa. 
O. P. LOOMIS, Newport News, Va. 
G. A. PIERCE, Jr., Philadelphia, Pa. 
ELMER A. SPERRY, Brooklyn, N. Y. 
F. W. WOOD, New York. 


PRIME MOVERS COMMITTEE 


H. G. STOTT, Chairman, 

600 West 59th Street, 
F. G. GASCHE, Chicago, Ill. 
W. S. GORSUCH, New York. 
P. JUNKERSFELD, Chicago, Ill. 
DANIEL W. MEAD, Madison, Wis. 
R. J. S. PIGOTT, New York. 
G. I. RHODES, Boston, Mass. 


New York. 


ELECTROPHYSICS COMMITTEE 


J. B. WHITEHEAD, Chairman, 

Johns Hopkins University, Baltimore, Md. 
EDWARD BENNETT. Madison, Wis. 
H. L. BLACKWELL, Cambridge, Mass. 
W. S. FRANKLIN, South Bethlehem, Pa. 
E. P. HYDE, Cleveland, Ohio. 
E. L. NICHOLS, Ithaca, N. Y. 
G. W. PIERCE, Cambridge, Mass. 
M. I. PUPIN, New York. 
E. B. ROSA, Washington, D. C. 
HARRIS J. RYAN, Stanford University, Cal. 
CHARLES P.STEINMETZ,Schenectady,N.Y. 
WILLIAM R. WHITNEY, Schenectady, N. Y. 
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ELECTRIC POWER COMMITTEE 


: DAVID B. RUSHMORE, Chairman, 


P. AND M., Dept., General Electric Company. 


Schenectady, N. Y. 


E. A. LOF, Secretary, 


P. лмо M. ЮОврт., General Electric Company, 


Schenectady, N. Y. 


and the members of the following sub committees: 


1. Power Stations. 


DUGALD C. JACKSON, Chairman. 

Massachusetts Institute of Technology, 
Boston, Mass. 

F. G. BAUM, San Francisco, Cal. 

F. O. BLACKWELL, New York. 

N. A. CARLE, Newark, N. J. 

HUGH HAZELTON, New York. 

А.Н. KRUESI, Schenectady, N. Y. 

B. G. LAMME, Pittsburgh, Pa. 

J. A. LIGHTHIPE, Los Angeles, Cal. 

IRVING E. MOULTROP, Boston, Mass. 

L. L. PERRY, Chicago, Ill. 

R. A PHILIP, Boston, Mass. 

À. E. POPE, Shelburne Falls, Mass. 

PRANK SARGENT, Boston, Mass. 

J. P. VAUGHAN, Boston, Mass. 


2. Power Generation Committee. 


H. W. BUCK, Chairman, 
49 Wall Street, New York 
ALLAN V. GARRATT, Holliston, Maas. 
F. G. GASCHE, Chicago, Ill. 
DANIEL W. MEAD, Madison, Wis. 
S. D. SPRONG, Brooklyn, N. Y. 


3. Protective Apparaius. 


CHARLES P. STEINMETZ, Chairman, 
General Electric Company, Schenectady, N. Y. 

E. E. P. CREIGHTON, Schenectady, N. Y. 

R. P. JACKSON, Swissvale, Pa. 

N. J. NEALL, Boston, Mass. 

PARLEY OSGOOD, Newark, N. J. 

P. W. PEEK, Jr., Schenectady, N. Y. 

JOHN H. RODDY, Charlotte, N. C. 

R. P. SCHUCHARDT, Chicago. Ill. 

S. D. SPRONG, Brooklyn, N. Y. 

PERCY H. THOMAS, New York, 


4. Transmission 


P. W. SOTHMAN, Chairman, 
17 Battery Place, New York. 

H. W. BUCK, New York. 
C. L BURKHOLDER, Charlotte, N. C. 
MARKHAM CHEEVER, Salt Lake City,Utah 

: G. CONVERSE, Niagara Falls, N. Y. 
P. M. DOWNING, San Francisco, Cal. 
0. H. ENSIGN, Los Angeles, Cal. 
G. PACCIOLI, Pittsfield, Mass. 
P. M. PARMER, New York. 
VICTOR H. GREISSER, Spokane, Wash. 
P. T. HANSCOM, San Francisco, Cal. 
JOHN HARISBERGER. Seattle, Wash. 


4. Transmission—Continued 


. HARRINGTON, Raleigh, N. C. 
. KELSCH, Montreal, P. Q. 
Р LIGHTHIPE, Los Angeles, Cal. 
. M. LINCOLN, Pittsburgh, Pa. 
MAHONEY, Shelburne Falls, Mass. 
. S. MACCALLA, Spokane, Wash. 
. J. McCLELLAND, New York. 
. E. MITCHELL, Birmingham, Ala. 
. H. PAINE, New York. 
. А. PHILIP, Boston, Mass. 
. S. RUFPNER, St. Louis, Mo. 

N. RYERSON, Duluth, Minn. 
LIAN C. SMITH, Montreal, P. Q. 

M. WILSON, Westmount, Que. 

A. WORCESTER, Schenectady, N. Y. 
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5. Distribulion. 


P. JUNKERSFELD, Chairman, 

120 West Adams Street, Chicago, ПІ. 
E. J. BLAIR, Oak Park, Ill. 
W. G. CARLTON, New York. 
H. B. GEAR, Chicago, Ill. 
HAROLD GOODWIN, Philadelphia, Pa. 
P. M. LINCOLN, Pittsburgh, Pa. 
E. B. MERRIAM, Schenectady, N. Y. 
W. S. MURRAY, New Haven, Conn. 
RALPH H. RICE, Chicago, Ill. 
PHILIP TORCHIO, New York. 


6. Economics 


WILLIAM McCLELLAN, Chairman, 
141 Broadway, New York. 

E. J. CHENEY, Secretary, 

4 Bedford Road, Schenectady, N. Y. 
FARLEY G. CLARK, Toronto, Ont. 
W. S. GORSUCH, New York. 
P. JUNKERSFELD, Chicago, Ill. 
W. N. RYERSON, Duluth, Minn. 
W. S. TWINING, New York. 


7. Engineering Data. 


PERCY H. THOMAS, Chairman, 
2 Rector Street, New York. 

. A. CARLE, Newark, N. J. 

F. FOWLE, New York. 

. M. HOBART, Schenectady, N. Y. 

E. IMLAY, Niagara Falls, N. Y. 

A. KENYON, New York. 

. S. McALLISTER, New York. 

S. MCDOWELL, New York. 

HAROLD PENDER, Boston, Mass. 

E. B. ROSA, Washington, D. C. 

W. S. RUGG, New York. 

C. E. SKINNER, Pittsburgh, Pa. 

C. W. STONE, Schenectady, N. Y. 
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ELECTRIC ILLUMINATION COMMITTEE 
CLAYTON H. SHARP, Chairman, 

556 East 80th Street, New York. 
LOUIS BELL, West Newton, Mass. 
FRANK CONRAD, Swissvale, Pa. 
J. W. COWLES, Boston, Mass. 
E. P. HYDE, Cleveland, Ohio. 
A. E. KENNELLY, Cambridge, Mass. 
C. F. LACOMBE, New York. 
IRVING LANGMUIR, Schenectady, N. Y. 
V. R. LANSINGH, Cleveland, Ohio. 
PRESTON S. MILLAR, New York. 
E. B. ROSA, Washington, D. C. 
W. D'A. RYAN, Schenectady, N. Y. 
G. H. STICKNEY, Harrison, N. J. 


RAILWAY COMMITTEE. 
FRANK J. SPRAGUE, Chairman, 
165 Broadway, New York. 

E. B. KATTE, Vice Chairman, 

Grand Central Terminal, New York. 
A. H. ARMSTRONG, Schenectady, N. Y. 
F. W. CARTER, Rugby, England. 
FREDERICK DARLINGTON, New York. 
W. A. DEL MAR, New York. 
C. E. EVELETH, Schenectady, N. Y. 
W. S. GORSUCH, New York. 
HUGH HAZELTON, New York. 
E. R. HILL, New York. 
W. S. MURRAY, New Haven, Conn. 
A. S. RICHEY, Worcester, Mass. 
CLARENCE, RENSHAW, Pittsburgh, Pa. 
MARTIN SCHREIBER, Newark, N. J. 
N. W. STORER, East Pittsburgh, Pa. 
B. F. WOOD, Altoona, Pa. 


COMMITTEE ON RECORDS AND 
APPRAISALS OF PROPERTIES. 


W. B. JACKSON, Chairman, 

111 W. Monroe Street, Chicago, Ill. 
HAROLD ALMERT, Chicago, Ill. 
BION J. ARNOLD, Chicago, Ill. 
PHILANDER BETTS, Newark, N. J. 
FRED A. BRYAN, South Bend, Ind. 
H. H. CROWELL, Grand Rapids, Mich. 
HENRY FLOY, New York. 
WILLIAM McCLELLAN, New York. 
H. S. PUTNAM, New York. 
PAUL SPENCER, Philadelphia, Pa. 
W. S. TWINING, New York. 
B. F. WOOD, Altoona, Pa. 


EDUCATIONAL COMMITTEE. 


H. H. NORRIS, Chairman, 
103 College Ave., Ithaca, N. Y. 
F. C. BATES, New York. 
G. A. DAMON, Pasadena, Cal. 
C, R. DOOLEY, East Pittsburgh, Pa. 
W. A. HILLEBRAND, Corvallis, Oregon. 
J. P. JACKSON, Harrisburg, Pa. 
G. W. LAMKE, St. Louis, Mo. 
C. L. MEES, Terre Haute, Ind. 
J. H. МОКЕСКОЕТ, New York. 
A. J. ROWLAND, Philadelphia, Pa. 
ROBERT SIBLEY, San Francisco, Cal. 


CHARLES P.STEIN METZ, Schenectady, N. Y. 
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PUBLIC POLICY COMMITTEE. 


CALVERT TOWNLEY, Chairman, 
165 Broadway, New York. 
WILLIAM McCLELLAN, Vice Chairman, 
141 Broadway, New York. 
W. H. BLOOD, Jr., Boston, Mass. 
H. W. BUCK, New York. 
J. ). CARTY, New York. 
C. C. CHESNEY, Pittsfield, Mass. 
JOHN H. FINNEY, Washington, D. C. 
P. JUNKERSFELD, Chicago, Ill. 
H. A. LARDNER, San Francisco, Cal. 
L. A. OSBORNE, East Pittsburgh, Pa. 
E. W. RICE, Jr., Schenectady, N. Y. 
LEWIS B. STILLWELL, New York. 
H. G. STOTT, New York. 


PATENT COMMITTEE. 


RALPH D. MERSHON, Chairman, 
80 Maiden Lane, New York. 
BION J. ARNOLD. Chicago, Ill. 
C. S. BRADLEY, New York. 
F. F. FOWLE, New York. 
PETER COOPER HEWITT, New York. 
JOHN F. KELLY, Pittsfield, Mass. 
H. WARD LEONARD, Bronxville, N. Y. 
M. I. PUPIN, New York. 
A. H. TIMMERMAN, St. Louis, Mo. 
W. E. WINSHIP, Boston, Mass. 
B. F. WOOD, Altoona, Pa. 


TECHNICAL LECTURES COMMITTEE. 


W. I. SLICHTER, Chairman, 
Columbia University, New York. 
WILLIAM A. DEL MAR, Secretary, 
N. Y. C. & H. R. R. R. Со. 

Grand Central Terminal, New York. 
L. T. ROBINSON, Schenectady, N. Y. 
W. S. RUGG, New York. 
J. B. WHITEHEAD, Baltimore, Md. 


SPECIAL COMMITTEE ON ORGANIZATION 


OF TECHNICAL COMMITTEES. 
W. S. RUGG, Chairman, 


165 Broadway, New York. 


B. A. BEHREND, Boston, Mass. 

H. W. BUCK, New York. 
BANCROFT GHERARDI, New York. 
F. S. HUNTING, Fort Wayne, Ind. 


ENGINEERING COOPERATION 
COMMITTEE. 


WILLIAM McCLELLAN, Chairman, 
141 Broadway, New York. 

H. H. BARNES, Jr., New York. 

A. W. BERRESFORD, Milwaukee, Wis. 

C. E. SCRIBNER, New York. 

S. D. SPRONG. Brooklyn, N. Y. 
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MAURICE COSTER, New York. 
BANCROFT GHERARDI, New York. 
A. H. LAWTON, New York. 

9. J. LISBERGER, San Francisco, Cal. 
N. J. NEALL, Boston, Mass. 

K. C. RANDALL, East Pittsburgh, Pa. 
H. CLYDE SNOOK, Philadelphia, Pa. 
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CONSTITUTIONAL REVISION COMMITTEE 


BANCROPT GHERARDI, Chairman, 
15 Dey Street, New York. 
P. L. HUTCHINSON, Secretary, New York. 
DUGALD C. JACKSON, Boston, Mass. 
P. M. LINCOLN, Pittsburgh, Pa. 
A. S. MCALLISTER, New York. 
WILLIAM McCLELLAN, New York. 
W.S. MURRAY, New Haven, Conn. 
W. S. RUGG, New York. 
N. W. STORER, East Pittsburgh, Pa. 
H.G. STOTT, New York. 
P. H. THOMAS, New York. 
CALVERT TOWNLEY, New York. 
W.D. WEAVER, Charlottesville, Va. 


U. S. NATIONAL COMMITTEE OF THE 
INTERNATIONAL ELECTROTECHNICAL 
COMMISSION 


FRANCIS B. CROCKER, President, 
14 West 45th St, New York. 

À. E. KENNELLY, Secretary, 
Ex Harvard University, Cambridge, Mass. 
“А. ADAMS, Cambridge, Mass. 
PREDERICK BEDELL, Ithaca, N. Y. 
LOUIS BELL, West Newton, Mass. 
J. J. CARTY, New York. 
0 DUNN, New York. 
nu HERING, Philadelphia, Pa. 
5 M. HOBART, Schenectady, М. Y. 
г JUNKERSPELD, Chicago, Ill. 
E 0. MAILLOUX, (Ex Officio) New York. 
ү G. LAMME, Pittsburgh, Pa. 
: W. LIEB, Jr., New York. 
CH B. ROSA, Washington, D. C. 
claves F. SCOTT, New Haven, Conn. 
SAM TON H. SHARP, New York. 

UEL SHELDON, Brooklyn, N. Y. 
КАКЕ P. STEIN METZ, Schenectady, N. Y. 

NRY G. STOTT, New York. 
чы STRATTON, Washington, D. С. 

IHU THOMSON, Lynn, Mass. 


INDEXING TRANSACTIONS COMMITTEE. 


GEORGE |. RHODES, Chairman, 
111 Devonshire Street, Boston. Mass. 
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COMMITTEE ON CODE OF PRINCIPLES 
OF PROFESSIONAL CONDUCT. 


GEORGE F. SEVER, Chairman, | 
13 Park Row, New York. 
H. W. BUCK, New York. 
САМО DUNN, New York. 
JOHN F. KELLY, Pittsfield, Mass. 
SCHUYLER SKAATS WHEELER, 
Ampere, N. J. 


INTERNATIONAL ELECTRICAL CONGRESS, 


SAN FRANCISCO, 1918. 


EXECUTIVE COMMITTEE OF COMMITTEE 
ON ORGANIZATION. 


CHARLES P. STEINMETZ, Honorary Presi- 
dent of Congress. 


E. B. ROSA, Honarary Secretary of Congress. 


H. G. STOTT, Chairman, 
600 West 59th Street, New York. 


JOHN W. LIEB, Jr., Vice-Chairman, 


C. O. MAILLOUX, Chairman, Sub-Committee 
on International Relations, 


A. E. KENNELLY, Chairman, Sub-Committee 
on Program, 


HENRY A. LARDNER, Chairman, Sub-Com- 
mittee on Pacific Coast Relations, 


H. H. BARNES, Jr., Chairman, Sub-Committee 
on Transportation. 


GEORGE F. SEVER, Chairman, Sub-Commit- 
tee on Entertainment. 


PRESTON S. MILLAR, Secretary-Treasurer 
and Chairman, Sub-Committee on Pub- 
licity. 556 East 80th Street, New York. 


Р. Г. HUTCHINSON, Secretary, A. I. E. E. 
(Ex Officio). 


NEW YORK RECEPTION COMMITTEE. 


A. H. LAWTON, Chairman, 

55 Duane Street, New York. 
H. H. BARNES, Jr., New York. 
F. C. BATES, New York. f 
H. M. BRINCKERHOFF, New York. 
W. G. CARLTON, New York. 
MAURICE COSTER, New York. 
D. C. DURLAND, New York. 
H. W. FLASHMAN, New York. 
HENRY, FLOY, New York. 
J. W. LIEB, Jr., New York. 
H. B. LOGAN, New York. 
WILLIAM McCLELLAN, New York. 
W. E. McCOY, New York. 
Р. A. MUSCHENHEIM, New York. 
FARLEY OSGOOD, Newark, N. J. 
F. A. PATTISON, New York. 
C. E. SCRIBNER, New York. 
GEORGE F. SEVER, New York. 
SAMUEL SHELDON, Brooklyn, 
S. D. SPRONG, Brooklyn, N. Y. 
PERCY H. THOMAS, New York. 
CALVERT TOWNLEY, New York. 
W. Р. WELLS, Brooklyn, N. Y. 


N. Y. 
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HISTORICAL MUSEUM COMMITTEE. COMMITTEE ON RELATIONS OF 
T. C. MARTIN, Chairman, CONSULTING ENGINEERS. 


29 West 39th Street, New York. LEWIS B. STILLWELL, Chairman, 


JOHN J. CARTY, New York. 100 Broadway, New York. 
CHARLES L. CLARKE, Schenectady, N. Y. FRANCIS BLOSSOM, New York. 

LOUIS DUNCAN, New York. H. W. BUCK, New York. 

E. W. RICE, Jr., Schenectady, N. Y. GANO DUNN, New York. 

CHARLES F. SCOTT, New Haven, Conn. O. S. LYFORD, Jr., New York. 

FRANK J. SPRAGUE, New York. D. P. ROBINSON, Chestnut Hills, Mass. 


EDISON MEDAL COMMITTEE. 


Appointed by the President for terms of five years. 


Term expires July 31, 1918. Term expires July 31, 1917. 
H. W. BUCK, New York. A. E. KENNELLY, Cambridge, Mass. 
J. FRANKLIN STEVENS, Philadelphia, Pa. H. WARD LEONARD, Bronxville, N. Y. 
F. A. SCHEFFLER, New York. ROBERT T. LOZIER, New York. 

Term expires July 31, 1916. Term expires July 31, 1915. 
FRANK J. SPRAGUE, New York. ELIHU THOMSON, Lynn, Mass. 
SCHUYLER SKAATS WHEELER, Chairman, J. W. LIEB, JR., New York. 

Ampere, N. J. 

W. D. WEAVER, Charlottesville, Va. E. L. NICHOLS, Ithaca, N. Y. 


Term expires July 31. 1914. 


PHILIP P. BARTON, Niagara Falls, N. Y. J. J. CARTY, New York. 
J. G. WHITE, New York. 


Elected by the Board of Directors from its own membership for terms of two years. 


Term expires July 31, 1915. Term expires July 31, 1914. 
H. H. BARNES, Jr. New York. FARLEY OSGOOD, Newark, N. J. 
WILLIAM McCLELLAN, New York. RALPH D. MERSHON, New York. 
S. D. SPRONG, New York. Я CHARLES E. SCRIBNER, New York. 


Ex-Officio Members. 


C. O. MAILLOUX, President, New York. 
GEORGE A. HAMILTON, Treasurer, F. L. HUTCHINSON, Secretary, 
Elizabeth, N. J. New York. 


INSTITUTE REPRESENTATIVES 


ON BOARD OF AWARD, JOHN FRITZ MEDAL. 


DUGALD C. JACKSON, Boston, Mass. RALPH D. MERSHON, New York. 
GANO DUNN, New York. C. O. MAILLOUX, New York. 


ON BOARD OF TRUSTEES, UNITED ENGINEERING SOCIETY. 


GANO DUNN, New York. CHARLES E. SCRIBNER, New York. 
H. H. BARNES, Jr.. New York. 


ON LIBRARY BOARD OF UNITED ENGINEERING SOCIETY. 


SAMUEL SHELDON, Brooklyn N. Y. MALCOLM MacLAREN, Princeton, N. J. 
F. B. JEWETT, New York. W. I. SLICHTER, New York. 
F. L. HUTCHINSON, New York. 
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INSTITUTE REPRESENTATIVES 


(Continued.) 


ON ELECTRICAL COMMITTEE ОР NATIONAL FIRE PROTECTION ASSOCIATION. 
The Chairman of the Institute's Code Committee, Farley Osgood, Newark, N. J. 


ON ADVISORY BOARD OF AMERICAN YEAR-BOOK. 
EDWARD CALDWELL, New York. 


ON ADVISORY BOARD, NATIONAL CONSERVATION CONGRESS. 
CALVERT TOWNLEY, New York. 


ON COUNCIL OF AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE. 
W. S. PRANKLIN, South Bethlehem, Pa. G. W. PIERCE, Cambridge, Mass. 


ON CONFERENCE COMMITTEE OF NATIONAL ENGINEERING SOCIETIES. 
CALVERT TOWNLEY, New York. WILLIAM McCLELLAN, New York. 


ON JOINT COMMITTEE ON ENGINEERING EDUCATION. 
CHARLES P. SCOTT, New Haven, Conn. SAMUEL SHELDON, Brooklyn, N. Y. 


ON AMERICAN ELECTRIC RAILWAY ASSOCIATION'S COMMITTEE 
ON JOINT USE OF POLES 


PARLEY OSGOOD, Newark, N. J. F. B. H. PAINE, New York. 
PERCY H. THOMAS, New York. 


ON NATIONAL COMMITTEE ON ELECTROLYSIS 


BION J. ARNOLD, Chicago, Ill. F. N. WATERMAN, New York. 
PAUL WINSOR, Boston, Mass. 


ON JOINT COMMITTEE ON LEGISLATION RELATIVE TO REGISTERING ENGINEERS. 
WILLIAM McCLELLAN, New York. S. D. SPRONG, New York. 


ON BOARD OF MANAGERS, PANAMA-PACIFIC INTERNATIONAL ENGINEERING 
CONGRESS, 1916. 


А M. HUNT, San Francisco, Cal. J. G. DzREMER, San Francisco, Cal. 
And the PRESIDENT and SECRETARY of the Institute. 


ON NATIONAL COMMITTEE OF INTERNATIONAL ILLUMINATION COMMISSION. 


A. B. KENNELLY, Cambridge, Mass. C. O. MAILLOUX, New York. 
CLAYTON H. SHARP, New York. 


LOCAL HONORARY SECRETARIES. 


JAMES S. PITZMAURICE, WILLIAM G. T. GOODMAN, 

GUIDO G. P. O. Perth, Australia. Adelaide, South Australia. 

SEMENZA, ROBERT JULIAN SCOTT. 
LA N. 10, Via S. Radegonda, Milan, Italy. Christ Church, New Zealand, 

HERDT, McGill University, Montreal, Que HENRY GRAFTIO, St. Petersburg, Russia. 

ARE P. BEAMES, RICHARD O. HEINRICH, 
Bangalore, Mysore Province, India Genest-str. 5 Schoeneberg, Berlin, Germany, 

A. S. GARFIELD, 07 Avenue de Malakoff, Paris, France. 
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LIST OF SECTIONS 


Revised to March 1, 1914. 


Name and when Organized 


Atlanta.......... Jan. 19, "04 
Baltimore........ Dec. 16, "04 
Boston.......... Feb. 13, '03 
Chicago. .........- ree . 1893 
Cleveland........ Sept. 27, '07 
Detroit-Ann Arbor.Jan. 13, '11 
Fort Wayne...... Aug. 14, '08 
indianapolis-Latayette . Jan. 12, '12 
Ithaca........... Oct. 15, "02 
Los Angeles...... May 19, '08 
Lynn............ Aug. 22,711 
Madison. ........ Jan 8, '09 
Mexico.......... Dec. 13, '07 
Milwaukee.......Feb. 11, °10 
Minnesota....... Apr. 7, 02 
Panama......... Oct. 10,713 
Philadelphia..... .Feb. 18, '03 
Pittsburgh....... Oct. 13,'02 
Pittsfield........ Mar. 25, '04 
Portland, Ore..... May 18, '09 
St. Louis......... Jan. 14, "03 
San Francisco. .. Dec. 23, '04 
Schenectady..... Jan. 26, '03 
Seattle. ......... Jan. 19, "04 
Spokane......... Feb. 14,713 
Toledo.......... June 3, 07 
Toronto.......... Sept. 30, '03 
Urbana.......... Nov. 25, '02 
Vancouver....... Aug. 22,'ll 
Washington, D.C..Apr. 9, '03 


Total, 30. 


Chairman 
A. M. Schoen. 
J. B. Whitehead. 
N. J. Neall 
D. W. Roper. 
J. C. Lincoln. 
A. R. Sawyer. 
T. W. Behan. 
O. S. More. 
E. L. Nichols. ° 
E. R. Northmore. 
E. R. Berry. 
Edward Bennett. 
Norman Rowe. 
L. E. Bogen. 


W. T. Ryan. 


Edward Schildhauer. 


A. R. Cheyney. 
A. M. Dudley. 
J. J. Frank. 
G. P. Nock. 


F. J. Bullivant. 
A. H. Griswold. 
George H. Hill. 

S. C. Lindsay. 

J. B. Fisken. 
George E. Kirk. 
D. H. McDougall. 
Morgan Brooks. 
E. M. Breed. 

H. C. Eddy. 


Harold G. Payne, (Actin 


Secretary 


H. M. Keys, 
Southern Bell Tel. & Tel. Co., Atlanta, Ga. 


L. M. Potts, . 
Industrial Building, Baltimore, Md. 


Secretary) 


12 Pearl St., Boston, Mass. 


E. W. Allen, 
1028 Monadnock Building, Chicago, Ill. 


R. E. Scovel, 
1663 East 86th Street, Cleveland, Ohio. 


Ray K. Holland, 
Cornwell Building. Ann Arbor, Mich. 


P. H. Haselton, 
Fort Wayne Electric Works 
Ft. Wayne, Ind. 
G. B. Schley, 


805 Pythian Building, Indianapolis, Ind. 


George S. Macomber, 
Cornell University, Ithaca, N. Y. 


C. G. Pyle, 
914 Hibernian Bldg., Los Angeles, Cal. 


J. A. McManus, Jr., 
General Electric Co., Lynn, Mass. 


F. A. Kartak, 
Univ. of Wisconsin, Madison, Wis. 


James Carson, 
Mexican Light and Power Company, 
Mexico City, Mexico. 
L. P. Coulter, 


2500 Chestnut Street, 
Milwaukee, Wis. 
Fred G. Dustin, 


9 South Fifth St., Minneapolis, Minn. 


W. R. McCann, 
Isthmian Canal Commission, 


Culebra, 
H. F. Sanville, 
1326 Chestnut St., Philadelphia, Pa. 


Canal Zone 


E. R. Spencer, 
814 Frick Building, Pittsburgh, Pa. 


G. W. Wade, 
General Electric Company, Pittsfield, Mass. 


R. F. Monges, 
G. E. Co., Electric Building, Portland, Ore. 


A. McR. Harrelson, 

Emerson Electric Mfg. Co., St. Louis, Mo. 
A. G. Jones, 
819 Rialto Building, San Francisco, Cal. 
John К. Hewett, 

Gen. Elec. Co., Schenectady, N. Y. 
E. A. Loew, 

University of Washington, Seattle, Wash. 
H. B. Peirce, 

Box 1436, Spokane, Wash. 
Max Neuber, 

Cohen, Freidlander & Martin, Toledo, О. 
H. T. Case, 

Continental Life Bldg., Toronto, Ont. 
I. W. Fisk, 

University of Illinois, Urbana, Ill. 

. G. Robinson, 

1003 Holden Building, Vancouver, B. C. 
C. B. Mirick, 

1302 N. Street, N.W., Washington, D. C. 
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LIST OF BRANCHES 
Revised to March 1, 1914. 


Name and when Organized. 


Agricultural and Mechanical 

College of Texas..... Nov. 
Arkansas, Univ. of...... Mar 
Armour Institute........ Feb 
Bucknell University..... May 
California, Univ. of...... Feb 
Cincinnati, Univ. of..... Apr 
Clemson Agricultural Col- 

Obs hes licen sor Nov. 

Colorado State Agricul- 

tural College.......... Feb. 
Colorado, Univ. of....... Dec 
Highland Park College. .Oct. 
Iowa State College..... Apr. 
lowa, Univ. of......... May 
Kansas State Agr. Col...Jan. 
Kassas, Univ. of....... Mar 
Kentucky State Univ. of .Oct. 
Lefayette College....... Apr 
Lehigh University... ....Oct. 
Lewis Institute......... Nov 
Maine, Univ. of........ Dec. 
Michigan, Univ. of. . .... Mar 
Missouri, Univ. of...... Jan 
Montana State Col......May 


12, '09 


. 25, '04 


. 26, '04 


17,10 


9, '12 


. 10, '08 


8, '12 


11, '10 
16, 04 
11, 712 


15, '03 


. 18, '09 


10, '08 


. 18, *08 


14, °10 


5, °12 


Chairman 


D. B. Pickens. 
S. S. McGill. 
E. L. Nelson. 
F. O. Schnure. 


Charles Z. Yost. 


John H. Stewart. 


F. J. Jervey. 


L. M. Klinefelter. 


L. E. Sweitzer. 
E. B. Williams, 
Earle G. Nichols. 
J. H. Scanlon. 

L. O°Brien. 


H. C. Hansen. 
H. B. Hedges. 
G. P. Ellis. 

W. B. Todd. 
A. H. Fensholt, 
C. M. Kelley. 
P. H. Evans. 
H. B. Shaw. 


Max W. Kenck. 


Secretary 


E. C. Rack, 

A. & M. College, College Station, Tex. 
M. B. Roys, 

Univ. of A Arkansas, Fayetteville, Ark. 


T. C. Bolton, 
Armour Inst. Tech., Chicago, Ill. 


J. M. Hillman, 
Bucknell University, Lewisburg, Pa. 


| L. E. Rushton 


University of California, Berkeley, Cal. 


J. S. Bishop. 
2345 Kemper Lane, Cincinnati, Ohio. 


F. H. McDonald, 
Clemson College, S. C. 


R. K. Havighorst. 
Colorado State Agricultural College, 
Fort Collins, Colo. 
Frank A. Reddin 


University of Kolorado, Boulder, Colo. 


Ralph R. Chatterton, 
Highland Park College, Des Moines, 


Iowa. 
F. A. Robbins 
Iowa State College, Ames, Iowa. 


A. H. Ford, 
University of Iowa, Iowa City, Ia. 


W. C. Lane, 
Kansas State Agric. Col., Manhattan, 


Kan. 
L. M. Bocker, 
. Univ. of Kansas, Lawrence, Kansas. 


H. Tyler Watts, 
815 East Maxwell Street, Lexington, Ky. 


V. A. Davison, 
Lafayette College, Easton, Pa. 


G. Forster, 
Lehigh University, S. Bethlehem, Pa. 


Fred A. Rogers. 
Lewis Institute, Chicago, Ill. 


E. L. Getchell ; 
University of Maine, Orono, Maine. 


E. T. Anderson, 
608 Mary Court, Ann Arbor, Mich. 


E. W. Kellogg, 
9 Engineering Building, Columbia, Mo, 


J. A. Thaler, 
Montana State College, Boseman, Mont. 
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LIST OF BRANCHES —Continued 


Name and when Organized Chairman Secretary 
Nebraska, Univ. of...... Apr. 10, '08 | Olin J. Ferguson. | V. L. Hollister, 
Station A, Lincoln, Nebraska 
New Hampshire Col..... .Feb. 19, '09 
North Carolina Col. of Agr. Wm.H.Browne,Jr.| James Fontaine, 
and Mech. Arts....... Feb. 11, °10 West Raleigh, N. C. 


Ohio Northern Univ......Feb. 9, 12 | George E. Boesger| Harry Restofski, 
Ohio Northern University, Ada, Ohio. 


Ohio State Univ.... ..... Dec. 20, '02 | L. R. Yeager. John M. Strait, 

Ohio State Univ., Columbus, Ohio. 
Oklahoma Agricultural and A. P. Little. Quentin Graham, 

Mech. Col...... ...... Oct. 13, "11 416 Hester Street, Stillwater, Okla. 

Oklahoma, Univ. of..... .Oct. 11, '12| R.7D. Evans. L. J. Hibbard, 

Univ. of Oklahoma, Norman, Okla. | 
Oregon Agr. Col......... Mar. 24, '08 | A. O. Manigold. I. L. Olmstead, 

Oregon Agric. Col., Corvallis, Ore. 
Oregon, Univ. of........ Nov. 11, '10 | C. R. Reid. C. H. Van Duyn, 

Univ. of Oregon, Eugene, Oregon. 
Penn State College...... Dec. 20, '02 | T. A. Jones. — |A. D. Shultz, 

State College, Pa. 
Purdue Univ............ Jan. 26, '03 | C. F. Harding. A. N. Topping. 

Purdue University: Lafayette, Ind. 


Rensselaer Poly. Inst.... Nov. 12, '09 | E. D. N. Schulte. | W. J. Williams, 
Rensselaer Poly. Institute, Troy, N. Y. 


Rose Polytechnic Inst... . Nov. 10, '11 | Charles F. Harris. | Claude А. Lyon, 
1331 Liberty Avenue, Terre Haute, Ind. 


Rhode Island State Col.. Mar. 14, '13 | Harry Webb. P. M. Randall, Rhode Island State 
College, Kingston, R. I. 
Stanford Univ...........Dec. 13, '07 | G. O. Wilson. L. M. Bussert, 
Stanford University, Cal. 
Syracuse Univ...........Feb. 24, '05 | W. P. Graham. R. А. Porter, 
Syracuse University, Syracuse, N. Y. 
Texas, Univ. of......... Feb. 14, '08 | Joseph W.Ramsey,| J. A. Correll. 
University of Texas, Austin, Tex. 
Throop College of Tech- 
mology............... Oct. 14. '10 | W.L. Newton, A. W. Wells, 
Throop Poly. Institute, Pasadena, Cal. 
Vermont, Univ. of.......Nov. 11. '10 
Virginia, Univ. of....... .Feb. 9,'12 | Walter S. Rodman Hen Kooiman Clark, 
P. House, University, Virginia. 
Wash., State Col. of....Dec. 13, '07 | M. K. Akers. H. V. Carpenter, 


State Coll. of Wash., Pullman, Wash. 


Washington Univ........Feb. 6, '04 | R. D. Duncan, Jr.| C. C. Hardy, 
Washington University, St. Louis, Mo. 


Washington, Univ. of...Dec. 13, '12 | A. P. Newbury. Charles А. Stanwick, 
Univ. of Washington, Seattle, Wash. 


Worcester Poly. Inst..... Mar. 25, '04 | W. C. Blanchard. | Harry B. Lindsay, 
Worcester Poly. Inst., Worcester, Masa. 
Yale University. ........ Oct. 03, 10 | R. С. Warner. K. B. Jone 


8, 
136 Vanderbilt-Scientific, 
New Haven, Cona. 


Total, 47. - 
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Institute Meetingin Pittsburgh 
April 9-10, 1914 


The 293d meeting of the Institute 
will be held in Pittsburgh, Pa., on 
Thursday and Friday, April 9 and 10, 
1914, under the auspices of the Com- 
mittee on the Use of Electricity in 
Mines and the Pittsburgh Section. 

The Institute recognizes the growing 
importance of the use of electricity in 
mines, and this will be the second 
special meeting devoted exclusively to 
the subject. The meeting held last 
year was very successful, and the indi- 
cations are that the present meeting 
will be equally so. 

The official headquarters of the 
Institute during the meeting will be at 
the Fort Pitt Hotel, and the technical 
sessions will be held in the English 
room of the hotel. 

Members should register at Insti- 
tute headquarters upon their arrival. 


PROGRAM 
Thursday, April 9 
MORNING SESSION 
1. The Regulation of Electrical Instal- 
lations їп Mines. Address by Wil- 
fred Sykes, Chairman, Committee 
on Use of Electricity in Mines. 


2. 
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Mine Duty Controllers, by H. P. 
Reed, Cutler-Hammer Manufac- 
turing Company, Milwaukee, Wis. 


AFTERNOON SESSION 


Self- Contained Portable Electric Mine 
Lamps, by H. O. Swoboda, Con- 
sulting Electrical and Mechanical 
Engincer, Pittsburgh, Ра. 
Discussion of Regulations for Elec- 
trical Installations in Mines. 
The following regulations have been 
printed and will be distributed to 
facilitate reference: 
(a) German laws referring to elec- 
trical installations in mines. 
(b) English laws referring to elec- 
trical installations in mines. 
(c) Rules proposed by the Bur- 
eau of Standards, Washington, 
D. C. | 
(d) Rules proposed by American 
Mining Congress. 
(e) Pennsylvania mining 
electrical section. 


law, 


EVENING 


6:30 P.M. 
Informal Dutch dinner at the Fort 


* Pitt Hotel; $1.25 per plate. 


Friday, April 10 
MORNING SESSION 
The Development of the Electric 
Mine Locomotive, by G. M. Eaton, 
Westinghouse Electric and Manu- 
facturing Company, East Pitts- 
burgh, Pa. 
Mine Substations: 
I. The Construction and Opera- 
tion of Mine Substations, by 
H. Booker, Pittsburgh-Buf- 
falo Company, Pittsburgh, 
Pa. 
II. Motor-Generator Sets versus 
Synchronous Converters, by 
Will M. Hoen, Westinghouse 


Electric and Manufactur- 
ing Company, East Pitts- 
burgh, Pa. 


AFTERNOON SESSION 


Discussion of Regulations for Elec- 
trical Installations in Mines. 
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Saturday, April 11 


There will not be any technical ses- 
sions on Saturday, but arrangements 
will be made for visits to the various 
industrial plants in the Pittsburgh dis- 
trict. Further particulars regarding 
these visits will be announced at the 
meeting. : 

The prepared papers, Nos. 2, 3, 5 
and 6 of the program, are printed in 
this issue of the PROCEEDINGS. Ad- 
vance copies of these papers, and copies 
of the laws and regulations governing 
electrical installations in mines which 
are to be discussed at the meeting, may 
be obtained upon application to Mr. 
E. R. Spencer, Secretary Pittsburgh 
Section, 814 Frick Building, Pittsburgh, 
Pa. 


Joint Meetingin Washington, 
D. C.; April 24-25, 1914 


The 294th meeting of the Institute 
will be held in Washington, D. C., Fri- 
day and Saturday, April 24 and 25, 
1914. This wil be a joint mecting 
under the auspices of the Electrophysics 
Committee and the Washington and 
Baltimore Sections of the A.I.E.E., and 
the American Physical Society. "There 
will be five papers presented on behalf 
of the A.I.E.E., as follows: А Theory 
of Corona, by Bergen Davis; Some 
Investigations of Lightning Protection 
for Buildings, by L. A. De Blois; A 
Milliampere Current Transformer, by 
Edward: Bennett; Some Simple Ex- 
amples of Transmission Line Surges, 
by W. S. Franklin; and Solenoids, by 
C. R. Underhil. These five papers 
are published in this issue of the PRO- 
CEEDINGS. 

The program is as follows—Friday, 
April 24, morning: technical session, 
Physical Society and the A. I. E. E., 
conducted by the Physical Society. 
Afternoon: inspection of buildings of 
the Bureau of Standards and exhibi- 
tion of laboratory equipment and meth- 
ods. In addition to the apparatus 
of the Bureau there will be an exhibit 
of recently developed lecture, labora- 
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tory and research apparatus supplied 
by manufacturers, dealers, universities, 
and private individuals. This exhibit 
is under the auspices of the American 
Physical Society and will be similar to 
the successful annual exhibits of the 
London and French Physical Societies. 
Evening: joint technical session of the 
Physical Society and the A. I. E. E., 
conducted by the Electrophysics Com- 
mittee, to be followed by a smoker. 

Saturday, April 25, morning: tech- 
nical session of the Physical Society 
and the A. I. E. E., conducted by Phy- 
sical Society. Afternoon: visits to 
points of interest in Washington. 
Parties to be conducted bv the Wash- 
ington Section of the A. I. E. E. 

Further details will be announced in 
the program to be issued bcfore the 
meeting. 


Lectures on the Electro- 
magnetic Theory 


The Committee on Technical Lec- 
tures, with the approval of the Board 
of Directors, has arranged for two lec- 
tures to be given in the Engineering 
Societies Building in New York, by 
Dr. Michael I. Pupin, Professor of 
Electro- Mechanics at Columbia Uni- 
versity. The subject of these lectures 
will be “Тһе Electromagnetic Theory." 
Dr. Pupin will treat the subject from 
the points of view of the physicist and 
the electrical engineer, and will en- 
deavor to differentiate these points of 
view. The first of these lectures will 
be given on Wednesday evening, April 
29. The date of the second will be 
announced later. 


Report of Committee of Tellers 
on Nomination Ballots 


To the Board of Directors, American 
Institute of Electrical Engtneers: 
Gentlemen: This committee has 
counted and canvassed, in accordance 
with Article VI of the Constitution, the 
nomination ballots received for officers 
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of the Institute for 1914-1915. The 
result is as follows: 
Total number of envelopes said to con- 
tain ballots received from the Secre- 
tary...... Rx aie dd Cak da 1252 
Rejected on account of bearing no iden- 
tifying name on outer envelope...... 32 
Rejected on account of having reached 
the Secretary's office after February 
o MM" "p 66 
Envelopes received containing no bal- 
lof $e e COCOA Rc pia oe are 34 132 
Leaving as valid ballots............... 1120 


These valid ballots were counted and the result 
is shown below: 


FOR PRESIDENT 


P. M. Lincoln..................... 1036 
Scattering and blank............... 84 
Totali асы даа ern КО 1120 


(The scattering vote was divided among twenty 
candidates, each of whom received less than 3 
per cent of the total vote. Detailed distribution 
of these votes is shown on the original tally 
sheets filed in the Institute offices.) 


FOR VICE-PRESIDENTS 


P. S. Hunting.......................... 956 
N. W. Storer.......................... 947 
Farley Osgood......................... 942 
W.S.Rugg..... nnm 103 
Scattering and blank.................... 412 
Total. сорасы гь ео 3360 


(The scattering vote was divided among sixty- 
five candidates, each of whom received less than 
3 per cent of the total vote. Detailed distribu- 
tion of these votes is shown on the original tally 
sheets filed in the Institute offices.) 


FOR MANAGERS 


Frederick Bedell ....................... 822 
E. J. Вети............................. 794 
В. Сһетагйі............................ 515 
}.Н.Рїппеу........................... 505 
A.S. McAllister....................... 491 
W. F. Wells........................... 455 
E.R; HU ss ee Se aces ыы 338 
CharlesRobbins........................ 51 
Scattering and blank .................... 509 
Total. oras peu eor RP RU 4480 


(The scattering vote was divided among seven- 
ty-five candidates, each of whom received less 
than 3 per cent of the total vote. Detailed dis- 
tribution of these votes is shown on the original 
tally sheets filed in the Institute offices.) 
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FOR TREASURER 


George А. Hamilton.................... 1000 
Scattering and blank.................... 120 
yj i m ————— — — ese... 1120 


Respectfully submitted, 
J. H. Рлүхе. chairman. 
S. D. KUTNER, 
RoGER MASON, 
R. W. STAFFORD, 
C. F. THOMPSON, 
Committee of Tellers. 


Joint National Committee on 
Electrolysis 


First MEETING 


At the first meeting of the men now 
constituting the Joint National Com- 
mittee on Electrolysis, heldin New York 
on May 27, 1913, it was decided, 
owing to the fact that certain national 
associations had not at that time ap- 
pointed representatives to serve on the 
committee, to have a temporary or- 
ganization only, and await the meeting 
of the full committee before perfecting 
a permanent organization. 

At this meeting the objects of forming 
such a national committee were set 
forth by different members. Mr. Bion 
J. Arnold was appointed temporary 
chairman, and he was requested to con- 
fer with the national organizations not 
at that time represented on the com- 
mittec. 

The temporary chairman appointed 
a Committee on Plan and Scope. 


SECOND MEETING 


The second regular meeting of the 
Joint National Committee on Electrol- 
ysis was held in the rooms of the 
American Institute of Electrical Engi- 
neers, New York, on Wednesday, 
February 25, 1914. 

There were present: Messrs. B. J. 
Arnold, temporary chairman; Calvert 
Townley, E. B. Katte, H. S. Warren, 
D. W. Roper, F. N. Waterman, Albert 
F. Ganz, W. J. Broder, A. S. Richey, 
Philip Torchio, L. L. Elden, Forest 
Towle, and Paul Winsor. 
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Mr. B. J. Arnold was appointed per- 
manent chairman of the Joint Com- 
mittee. 

In order that the work of the com- 
mittee could be laid out, and a definite 
plan of action decided upon, it was 
voted to confirm the tentative ap- 
pointment of the following members of 
a Plan and Scope Committee, whose 
duty it would be to prepare a tentative 
plan to be submitted to the Joint Com- 
mittee for consideration: Messrs. Cal- 
vert Townley, chairman, representing 
the American Electric Railway As- 
sociation; E. B. Katte, representing 
the American Railway Engineering 
Association; H. S. Warren, representing 
the American Telephone and Telegraph 
Company; D. W. Roper, representing 
the National Electric Light Associ- 
ation; F. N. Waterman, representing 
'the American Institute of Electrical 
Engineers; A. F. Ganz, representing the 
American Gas Institute; W. J. Broder, 
representing the Natural Gas Associ- 
ation of America. This committee 
was requested to report to the Joint 
Committee on the following afternoon. 
Some discussion followed in regard to 
representation of various organizations 
upon the Joint Committee. 

At the request of Chairman Arnold, 
Mr. Townley gave the following out- 
line of the general scope of the committee 
for the benefit of those representatives 
who had been recently appointed and 
were therefore not present at the pre- 
liminary meeting in May, 1913: 

Electrolysis controversies have in the 
past given rise to unnecessary and ac- 
rimonious disputes, and not infrequently 
have resulted in litigation between the 
corporations concerned. The usual pro- 
cedure in disputes of this kind has been 
for each side to employ one or more 
electrical experts who generally dis- 
agree as to the cause of the trouble and 
the remedies therefor. The dispute 
sometimes gets into the newspapers, 
occasioning unpleasant notoriety, and 
resulting in more or less drastic munic- 
ipal action by the city government 
concerned. Much of this could be 
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avoided if a body such as this committee 
could be created which would consider 
broadly the questions covered by the 
controversy, without attempting to 
pass upon the questions at issue, but 
to report back to their respective organ- 
izations so that in time the committee 
would come to be recognized as a 
neutral body whose decisions would be ` 
authoritative, the same as the Standards 
Committee of the American Institute 
of Electrical Engineers in connection 
with matters of definition and stand- 
ardization, which is a recognized auth- 
ority that nobody ever attempts to 
question. With that end in view the 
American Institute of Electrical En- 
gineers initiated the movement to 
organize a national body to consider the 
gencral subiect, and agree upon any 
basic principles or methods of procedure 
to be followed in the case of elec- 
trolysis disputes. Now that the or- 
ganization of such body has been ac- 
complished, it remains for the committee 
to determine what lines of action to 
take. 

Mr. Townley stated that in corres- 
pondence he had had with different 
people, the purpose of the committee 
was frequently misunderstood; that the 
impression prevailed in some cases that 
the committee was going to act as an 
arbitration board in controversies, and 
would tell what ought to be done, there- 
by taking the place of executives or 
the courts. 


THIRD MEETING 


The third regular meeting of the Joint 
National Committee on Electrolysis was 
held in the rooms of the American 
Electric Railway Association, New 
York, on Thursday, February 26, 1914. 

There were present: Messrs. B. J. 
Arnold, chairman; Calvert Townley, 
E. B. Katte, Philip Torchio, L. L. 
Elden, D. W. Roper, H. S. Warren, 
F. N. Waterman, Albert F. Ganz, 
Paul Winsor, E. B. Rosa, Forest Towle, 
and W. J. Broder. 

The chairman reported that the 
invitation extended to the National 
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Bureau of Standards to participate in 
the work of the Joint Committee had 
been accepted, and it was voted that the 
Bureau” 5 representative, Dr. Е.В. Rosa, 
be appointed secretary of the Joint 
Committee, and a member of the Plan 
and Scope Committee. 

The Sub-Committee on Plan and 
Scope presented a preliminary report, 
and after discussion, the tollowing reso- 
lution was adopted: 

Resolsed, That the chairman be authorized to 
appoint committees as informally recommended 
by the Plan and Scope Committee, to collect in- 
formation as outlined in the report, and that the 
Committee on Plan and Scope be continued and 
requested to report further at the next meeting 
of the Joint Committee. 

Chairman Arnold thereupon ап- 
nounced the appointment of the fol- 
lowing committees: (1) Principles and 
Definitions, (2? Methods and Analyses 
of Surveys, (3) Foreign Practise, (4) 
Domestic Practise. 

The following organizations are repre- 
sented upon the Joint Committee: 
American Electric Railway Association, 
American Railway Engineering Associa- 
tion, National Electric Light Associ- 
ation, American Telephone and Tele- 
graph Company, American Institute 
of Electrical Engineers, National Bureau 
of Standards, Natural Gas Association 
of America, and American Gas Institute. 


Second MidwinterConvention, 
New York, February 25-27,1014 


The second Midwinter Convention 
of the Institute, held this year under 
the auspices of the Electric Power Com- 
mittee, opened on the morning of Wed- 
nesday, February 25, and closed with 
the session on Friday afternoon, Feb- 
ruary 27. The sessions were held in 
the auditorium of the Engineering 
Societies Building, New York. There 
were 16 papers and reports presented, 
several of the reports embodying separ- 
ate short papers by different authors, 
each devoted to some subdivision of 
the main subject. 

The total registered attendance at 
the convention was 472, of which 354 
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were members of the Institute. The 
attendance from outside of New York 
City and Brooklyn was 264. 

President C. O. Mailloux called the 
first session to order at 10:20 a.m. Wed- 
nesday. Їп his introductory remarks 
he spoke of the success of the first Mid- 
winter Convention, and the aid that 
the discussions on the subject of rating 
had given to the work of the Interna- 
tional Electrotechnical Commission, 
He then spoke of the desirability of the 
reclassification of the technical com- 
mittees of the Institute, which had 
resulted in the formation of the Electric 
Power Committee with its seven sub- 
divisions. President Mailloux then in- 
troduced Chairman David B. Rush- 
more of the Electric Power Committee. 

Chairman Rushmore's introductory 
address pointed out that the increasing 
specialization which was becoming 
necessary among electrical engineers 
would require still further subdivision 
and grouping of Institute committees 
to provide for the different kinds of 
electrical engineering work. He said 
that the proper field of the Electric 
Power Committee was essentially the 
field of the public utility, the generation, 
transmission and distribution of power. 
Some interesting curves were then pro- 
jected on the screen, showing the rate 
of increase in the production of elec- 
trical apparatus, the extending use of 
electrical energy, the increasing con- 
sumption of coal, oil, copper and alu- 
minum, and the decrease in the cost of 
electric power. Many other slides 
were shown, illustrating many types of 
apparatus for the production and utili- 
zation of electrical energy. 

The remainder of the morning session 
was taken up with the report on the 
scope of the sub-committee on Engi- 
neering Data, and the rcport on the 
feasibility of an A. I. E. E. handbook. 

The afternoon session was devoted 
to consideration of the six papers 
arranged by the Power Station sub- 
committee. 

On Wednesday evening a meeting 
was held in the auditorium, under the 
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auspices of the Executive Committee 
of the Committee on Organization of 
the International Electrical Congress, 
to arouse interest in the Congress to be 
held in San Francisco, September 13- 
18, 1915, during the Panama-Pacific 
Exposition. Мг. H. С. Stott, chairman 
of the Executive Committee, presided, 
and introduced Dr. C. P. Steinmetz, 
honorary president of the congress, 
who spoke of the achievements of past 
electrical congresses, and the steps in 
advance likely to be taken as a result 
of the interchange of ideas among elec- 
trical engineers of different countries 
at the coming congress. 

Dr. William Rader, of Pottstown, 
Pa., presented an illustrated address on 
San Francisco and the exposition, and 
Mr. W. D'A. Ryan, of Schenectady, 
whois illuminating engineer for the ex- 
position, described the unique lighting 
installations which have been arranged 
for the buildings and grounds. Mr. 
James A. Cruikshank, of New York, 
followed with a lecture, illustrated with 
stereopticon and moving pictures, on 
some scenic features of a trip to San 
Francisco. "The last speaker, Mr. Paul 
M. Lincoln, described briefly some of 
the representative electric power devel- 
opments of different types which visi- 
tors to the exposition would find in 
crossing the continent from the Atlantic 
to the Pacific. 

On Thursday morning the Trans- 
mission session was held. The sub- 
committee report on Problems of High- 
Tension Transmission Lines, with four 
appendixes, was presented, and a paper 
by Mr. H. W. Buck on Practical Opera- 
tion of Suspenston Insulators. In the 
afternoon the session was devoted to 
the subjects of Power Gencration and 
Economics. The papers considered 
were The Economical Capacity of a Com- 
bined Ilvdroelectric and Steam Power 
Plant, by Dr. C. T. Hutchinson, and 
The Cost of Electricity at the Source, by 
Mr. H. M. Hobart. 

On Thursday evening, February 26, 
the only official social function of the 
convention was given at the Hotel 
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Biltmore. It consisted of a subscrip- 
tion dinner-dance, under the joint 
auspices of the Institute and the Ex- 
ecutive Committee of the Committee 
on Organization of the International 
Electrical Congress, to be held in San 
Francisco, 1915. Mr. Henry G. Stott, 
chairman of the Committee on Organ- 
ization of the Congress, was toast- 
master and brief addresses were made 
by him, by Dr. A. E. Kennelly, chair- 
man of the Program Committee, and 
by Dr. Edw. B. Rosa, Honorary Secre- 
tary of the Congress. Dancing began 
at 10:30 p.m. and continued until about 
2:00 a.m. About 350 members and 
guests participated, and the event was 
unanimously voted one of the most 
successful and enjoyable social meet- 
ings in the history of the Institute. 

The session on Friday morning was 
devoted to the work of the sub-com- 
mittee on Distribution. The report on 
Distribution. of Electrical. Energy was 
presented, with nine appendixes by 
different authors. 

The closing session was held on 
Friday afternoon, and was devoted to 
the subiect of Protective Apparatus. 
Dr. C. P. Steinmetz presented a paper 
on Recording Devices, and Professor 
E. E. F. Creighton a paper on The 
Present Status of Aluminum-Cell Light- 
ning Arresters. 

President Mailloux, in his closing 
remarks, said that the two Midwinter 
Conventions held in New York had 
been very successful, and that he be- 
lieved they would from now on 
be regarded as a permanent feature 
of the program of the Institute’s work. 


Mr. Emil Hubere 
StocKar 


Dinner to 


Mr. Emil Huber-Stockar, of Zurich, 
Switzerland, for many vears technical 
and managing director of the Oerlikon 
Works, and now engineer in charge for 
the Swiss Government of the electri- 
fication of the St. Gothard Tunnel, is in 
the United States. He arrived tn New 
York March 7, for the purpose of visit- 
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ing some of the important electrical de- 
velopments in this country. ° 

An informal dinner was given by 
President Mailloux at the Engineers 
Club, New York, on the evening of 
March 13, in honor of Mr. Huber, who 
is also president of the Swiss National 
Committee of the International Elec- 
trotechnical Commission. Those pres- 
ent at the dinner included Past-Presi- 
dents Carl Hering, Charles F. Scott, 
Frank J. Sprague and Lewis B. Still- 
well, and Messrs. A. H. Armstrong, 
W. A. Del Mar, George Gibbs, H. M. 
Hobart, Cary T. Hutchinson, F. L. 
Hutchinson, H. A. Lardner, A. S. 
McAllister, William McClellan, W. S. 
Murray, Carl Schwartz, and N. W. 
Storer. 

The occasion was very enjoyable to 
all and afforded an opportunity for 
some of the leading American author- 
ities in electric raiiway engineering to 
meet the guest of honor and to discuss 
with him matters of mutual interest. 


Italiam Society’s New Period- 
ical “ L,*Elettrotecnica '' 


The Associazione Elettrotecnica Ital- 
lana has made a new departure in 
issuing, from its Central Office in Milan, 
a periodical, L’Elettrotecnica, which 
appears on the 5th, 15th, and 25th of 
each month. This contains the Trans- 
actions of the Society, in addition to 
other matter. Number 1 of Volume 
I (Volume XVIII of the Transactions) 
was issued on February 5, 1914. 

The following quotations from the 
announcement sent to members will 
indicate the scope of L’Elettrotecnica: 
" Our periodical will still publish the 
Transactions of the Society, and, in 
addition, some original articles selected 
with the greatest care; it will therefore 
contain the best that is written in Italy 
in our field. But its purpose is espe- 
cially that of giving a complete knowl- 
edge of whatever there may be in 
electrotechnology and in contiguous 
fields that is of interest for the culture 
of our members. To this end|the peri- 
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odical will publish ample and syste- 
matic notes on the more important 
articles, books, etc., published both in 
Italy and abroad, so as to enable the 
reader to follow the whole of Italian 
and foreign electrotechnical literature. 

“It will contain also articles of general 
interest, in which the actual state of 
knowledge in reference to certain sub- 
jects will be summed up (see articles 
in the Transactions of 1913 on Diesel 
motors, on meters, on the electro- 
chemistry of gases, etc.). In addition, 
it will contain general news, financial 
news, records of patents, etc. ” 

Thenew publicationhas been launched 
with funds raised by subscription 
among the “ collective ” members (3. e., 
companies and firms making an annual 
contribution to the funds ofthe Society). 
Individual members of the Associazione 
Elettrotecnica Italiana are invited to 
subscribe for the new periodical 5 lire 
($1.00) annually for five years. It is 
the expectation that the publication 
wil develop to such an extent as to 
become self-supporting. 


Directors* Meeting, New York, 
March 18, 1914 


The regular monthly meeting of the 
Board of Directors of the Institute was 
held in New York on Friday, March 13, 
1914. 

There were present: President C. O. 
Mailoux, New York; Past-President 
Gano Dunn, New York; Vice-Presi- 
dents A. W. Berresford, Milwaukee, 
Wis., W.S. Murray, New Haven, Conn., 
H. H. Barnes, Jr. and Charles E. Scrib- 
ner, New York; Managers N. W. Storer, 
Pittsburgh, Pa., Farley Osgood, New- 
ark, N. J., C. A. Adams, Cambridge, 
Mass., J. Franklin Stevens, Philadelphia, 
Pa., William B. Jackson, Chicago, Ill., 
H- A. Lardner, San Francisco, Cal., 
William McClellan, New York, B. A. 
Behrend, Boston, Mass., L. T. Robin- 
son, Schenectady, N. Y.; "Treasurer 
George A. Hamilton, Elizabeth, N. J., 
and Secretary F. L. Hutchinson, New 
York. 
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e 
The action of the Finance Committee 


in approving monthly bills amounting to 
$11,402.00 was ratified. 

Upon the recommendation of the 
Finance Committee the appropriation 
of the Standards Committee for the 
current year was increased from $250 
to $1,000, the increase being necessary 
to enable the committee to carry through 
its work of revising the Standardization 
Rules, which is now ncaring completion. 


Upon the recommendation of the 
Meetings and Papers Committee the 
Electric Illumination Committce was 
authorized to participate in a joint ses- 
sion at the convention of the Illumina- 
ting Engincering Society at Cleveland, 
Ohio, during the week beginning Sep- 
tember 21, 1914. 

Upon the recommoendation of the 
Board of Examiners, the Board of Di- 
rectors transferred three members of the 
Institute to the grade of Fellow and 
three to the grade of Member, elected 
one applicant as a Fellow, sevenas Mem- 
bers and 86 as Associates, and ordered 
the enrolment of 55 students, in accord- 
ance with the lists printed in this issue 
of the PROCEEDINGS. 


Upon the invitation of the President 
of the American Electric Railway As- 
sociation, President Mailloux was au- 
thorized to appoint three representa- 
tives of the Institute upon a proposed 
Joint National Committee on Overhead 
Line Construction, the committee to be 
composed of three members of each of 
the following organizations: American 
Electric Railway Engineering. Associa- 
tion, National Electric Light Associa- 
tion, American Railway Engineering 
Association, American Telephone and 
Telegraph Company, American In- 
stitute of Electrical Engineers. 


Resolutions were adopted as a tribute 
to the memory of Past-President Edwin 
J. Houston, whose death occurred on 
March 1, 1914. 

Announcement was made 
death on March 12 of Mr. 
Westinghouse, and the President was 
authorized to appoint a delegation to 
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represent the Institute at the funeral 
services. 

The report of the Committee of Tel- 
lers giving the result of its canvass of 
the nomination ballots cast for the 
offices to be filled at the next annual 
election was read. The Board then 
selected from the Tellers’ report its 
list of Directors’ Nominees for the of- 
fices falling vacant, as required by the 
Constitution. These nominees are: 
For president, Paul M. Lincoln, Pitts- 
burgh, Pa.; for vice-presidents, F. S. 
Hunting, Fort Wayne, Ind., N. W. 
Storer, Pittsburgh, Pa., Farley Osgood, 
Newark, N. J.; for managers, Frederick 
Bedell, Ithaca, N. Y., Bancroft Gher- 
ardi, New York, John H. Finney, 
Washington, D. C., A. S. McAllister, 
New York; for treasurer, George A. 
Hamilton, Elizabeth, N. J. 


A. I. E. E. Meeting in New York 
March 18, 1914 


The 292d meeting of the Institute, 
under the auspices of the Telegraphy 
and Telephony Committee, in which the 
Institute of Radio Engineers partici- 
pated with the А. I. E. E., was held in 
the auditorium of the Engineering So- 
cieties Building, New York, on the 
evening of March 13, 1914. 

President C. O. Mailloux called the 
meeting to order at 8:20 p.m., and asked 
Mr. Cloyd Marshall to preside as act- 
ing chairman of the Telegraphy and 
Telephony Committee, in place of 
Chairman F. F. Fowle, who was unable 
to be present. Mr. Marshall presided 
during the presentation and discussion 
of the two A. I. E. E. papers. 

Mr. W. Lee Campbell first presented 
his paper, Traffic Studies in Automatic- 
Switchboard Telephone Systems, and was 
followed by Mr. M. H. Clapp, whose 
paper was entitled A Comparison of the 
Telegraph with the Telephone as a Means 
of Communication іп Steam | Railroad 
Operation, The discussion of these two 
papers was participated in by Messrs. 
William Махог, Jr, W. E. Harkness, 
R. N. Hill, S. P. Grace and J. B. Taylor. 
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When this discussion had closed, 
President Mailloux called upon Mr. 
John Stone Stone, vice-president of the 
Institute of Radio Engineers, to take 
charge of the meeting. Mr. E. E. 
Mayer then presented his paper on 
" The Goldschmidt System of Radio- 
telegraphy, ” describing the important 
features of the Goldschmidt high- 
frequency generator and '' tone-wheel”’ 
and the results that had been attained 
in transmitting messages from Eilvese, 
near Hanover, Germany, to Tuckerton, 
New Jersey. Mr. Mayer's paper was 
discussed by Messrs. R. H. Marriott, 
E. F. W. Alexanderson, Dr. Lee De 
Forest, Dr. M. I. Pupin and Mr. John 
Stone Stone. 

The meeting was then adjourned to 
the rooms of the Institute on the tenth 
floor, where light refreshments were 
served to the members of the two 
societies and their guests. 


Recommended for Transfer, 
March 10, 1914 


The Board of Examiners, at its 
regular monthly mecting on March 10, 
1914, recommended the following mem- 
bers of the Institute for transfer to the 
grades of membership indicated. Any 
objection to these transfers should be 
filed at once with the Secretary. 


To THE GRADE OF FELLOW 


FECHHEIMER, CARL J., Crocker- Wheeler 
Co., Ampere, N.J. 


To THE GRADE OF MEMBER 


BowLinG, VicTOR S., Electrical En- 
gineering and Contracting; President, 
Shearer Electrical Construction Co., 
Mexico City, Mexico. 


CogNELIUS, MARTIN, Electrical En- 
gineer, Switchboard Div., Engineer- 
ing Dept., Westinghouse Electric & 
Mfg. Co., E. Pittsburgh, Pa. 


RYDER, MALCOLM P., Engineer, Wither- 
bee Igniter Co., Springfield, Mass. 
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Transferred to the Grade of 
Fellow February 26 and 
March 18,1914 


The following were transferred to the 
grade of Fellow of the Institute at the 
meetings of the Board of Directors on 
February 26 and March 13, 1914. 


Transferred February 26, 1914 
BAUM, F. G., Consulting Engineer; 
Chief Engineer Hydraulic Construc- 
tion, and General Superintendent 
Construction, Pacific Gas & Electric 
Co., San Francisco, Cal. 


Transferred March 13, 1914 


ELspoN-DEew, W., Consulting Electrical 
& Mechanical Engineer, Central 
Mining & Investment Corporation, 
Johannesburg, S. Africa. 

HENDERSON, S. E. M., Electrical Engi- 
neer, Canadian General Electric Co., 
Peterboro, Ont. 

WILDER, CLiFTON W., Electrical En- 


gineer, Public Service Commission, 
New York, N. Y. 


Fellows Elected February» 26 
and March 18,1914 


Elected. February 26, 1914 


WIRT, CHARLES, President, Wirt Co., 
Germantown, Philadelphia, Pa. 


Elected March 13, 1914 
VON BLucHER, F. A., Electrical and 
Mechanical Engineer, A. E. G. Cia. 
Mexicana de Electricidad, S. A., 
Mexico City, Mexico. 


Transferred to the Grade of 
Member February 26 and 
March 18, 1914 


The following Associates were trans- 
ferred to the grade of Member of the 
Institute at the meetings of the Board 
of Directors on February 26 and March 
13, 1914. 


Transferred February 26, 1914 
LITTLE, ARLINGTON P., Associate Pro- 
fessor of Electrical Engineering, Okla- 
homa A. & M. College, Stillwater, 
Okla. 
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PYLE, CLARENCE G., District Sales 
Agent, Standard Underground Cable 
Co., Los Angeles, Cal. 


Transferred March 13, 1914 

'ADAMS, JULIAN, Assistant Electrical 
Superintendent, Pacific Electric Rail- 
way Co., Los Angeles, Cal. 

ADLER, M. G., Chief Draftsman Los 
Angeles Aqueduct Power, Los Angeles, 
Cal. 

BERTHOLD, MARTIN, Chief Engineer, 
Imperial Electric Co., Akron, Ohio. 


Members Elected February 26 
and March 13, 1914 


Elected February 26, 1914 

BuRROWS, CHARLES W., Associate 
Physicist, Bureau of Standards, Wash- 
ington, D. C. 

KINGSLAND, R. L., Superintendent, 
Power and Mechanical Dept., Con- 
solidation Coal Co., Fairmont, W. 
Va. 

Lowe, H. LELAND, Chief Engineer, 
National Light & Power Co., 1148 
Pierce Bldg., St. Louis, Mo. 

Powers, А. RayMOoOND, Professor of 
Electrical Engineering, Clarkson Col- 
lege of Technology, Potsdam, N. Y. 


Elected March 13, 1914 

Воснаса, EMILIO J., District Engineer, 
New York Telephone Co., Syracuse, 
N. Y. 

CAROLAN, EpGAR A., General Electric 
Co., 30 Church St., New York, N.Y. 

CookE, M. T., Jr., Commercial En- 
gineer, General Electric Co., Phila- 
delphia, Pa. 

FITZGERALD, Francis A. J., Consulting 
Engineer, FitzGerald and Bennie 
Laboratories, Niagara Falls, N. Y. 

PORTER, J. BENTON, Electrical Engineer 
and Salesman, General Electric Co., 
Philadelphia, Pa. 

RANDOLPH, HARRY Fitz, President, 
Randolph- Means Co., Pittsburgh, Pa. 

VosMAER, A., Electrochemical Engi- 
neer; Ozone Expert; Brooklyn, N. Y. 
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Associates Elected February 
26 and March 13, 1914 


Elected February 26, 1914 

ALLEN, LESLIE W., Sales Engineer, 
Westinghouse Electric & Mfg. Co., 
712 Paulsen Bldg., Spokane, Wash. 

ANDERSON, ARVID R., Electrical, Engi- 
neer, Jeffrey Manufacturing Co.; res., 
239 E. 19th Ave., Columbus, O. 

ARMSTRONG, R. S., Assistant Toll 
Manager, Chicago Telephone Co., 
res., 4400 N.Greenview Ave.,Chicago, 
Ill. 

Atwoop, E. H., Electrical and Me- 
chanical Engineer, Vacuum Oil Co.; 
гев., 607 Putnam St., Olean, N. Y. 

BARTLETT, CHENRY C., Superintendent, 
Southern Sierras Power Co., Corona, 


Cal. 
BARTON, F. S., Electrical Engineer, 
Nunda, N. Y. 


BECK, WILLIAM HENRY, Electrician Fore- 
man, Cleveland Construction Co., 
134 S. Clinton St., Baltimore, Md. 

BLACK, CHARLES Day, Assistant Elec- 
trical Engineer, Research Laboratory, 
General Electric Works; res., 239 
Second St., Pittsfield, Mass. 

BONVOULOIR, LIONEL, Draftsman for 
Superintendent of Equipment, Bay 
State Street Ry. Co.; res., 394 Marl- 
boro St., Boston, Mass. 


Borr, C. D, Engineer Salesman, 
General Electric Co., Monadnock 
Building, Chicago, Ill. 

BRACKETT, HAROLD H., Engineering 


Dept., New York Telephone Co., 
New York; res., 407 Berkeley Ave., 
Bloomfield, N. J. 

BREWBAKER, Mito W., Electrical Fores 
man, Isthmian Canal Commission, 
Gatun, Canal Zone. 

BuCHOLZ, Сак, D., Inspector of Dis- 
tribution, Philadelphia Electric Co.; 
res., 2520 W.9th St., Philadelphia, Pa. 

BuRGOON, CHARLES Еш, Inspector, 
Isthmian Canal Commission, Washing- 
ton, D.C. 

BURNHAM, G. B., Sales Agent, General 
Electric Co., San Francisco; res., 2801 
Russell, St., Berkeley, Cal. 
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Carr, E. C., Student, University of 
Washington; res., 4760 2151 Ave. 
N. E., Seattle, Wash. 

CHERNYSHOFF, ALEXANDER, Electrical 
Electrical Engineer, Polytechnic In- 
stitute of St. Petersburg, St.Peters- 
burg, Russia. 

CLEMENT, MILLARD F. Inspector, 
McHenry & Murray, Engineers; res., 
11 Howe Ave., New Rochelle, N. Y. 

CRAWFORD, DoNALp КАнв, Signal 
Draftsman, А. T. &.:S. F. Ry. Со.; 
res., 1012 Tyler St., Topeka, Kans. 

DIETRICH, FRED W., Assistant Engi- 
neer, Eugene Water Board, Eugene, 
Ore. 

DvER, ALEXANDER B., Local Manager, 
Central Mexico Light & Power Co., 
San Miguel Allende, Guanajuato, 
Mexico. 

Dyer, WALTER H., Instructor of Elec- 
trical Engineering, Billings Polytech- 
nic Institute, Billings, Mont. 

Евү, Елкі E., Electrical Engineer, 
Westinghouse Electric & Mfg. Co., 
E. Pittsburgh, res., 527 Holmes St., 
Wilkinsburg, Pa. 

EMBREE, C. J. Assistant Engineer, 
Isthmian Canal Commission, Culebra, 
Canal Zonc. | 

FAWCETT, CHARLES D., Instructor in 
Electrical Engineering, University of 
Pennsylvania; res., 4323 Walnut St., 
Philadelphia, Pa. 

PENLEY, WILLIAM H., Superintendent 
Telephones and Signals, Panama R. 
R., Cristobal, Canal Zone. 


FLOWERS, JOHN B., Electrical Engineer 
Underwood Typewriter Co., New 
York; res., 219 Linden Ave., Brook- 
lyn, N. Y. 

GALBRAITH, FRED  EARLEY, Plant 
Dept., American Telephone & Tele- 
graph Co., 24 Walker St., New York 
N. Y. | 

GARTHORNE, G. E., Operating and 
Maintenance Dept., Pacific Gas & 
Electric Co.; res., 1200 Taylor St., 
San Francisco, Cal. 

GFRORER, ALBERT H., Designing En- 
gineer, C. W. Hunt Co., West New 
Brighton, N. Y. 


GiLEs, G. STEWART, Inspector, As- 
sociated Factory Mutual Fire In- 
surance Cos.; res., Central Y.M.C.A., 
Philadelphia, Pa., 

GOETZ, WERNER W., Sales Enginecr, 
Cutler-Hammer Mfg. Co.,1201 Chest- 
nut St., Philadelphia, Pa. 

HARVEY, RANALD JOHN, Second in 
charge of A. C. Testing Dept., Dick, 
Kerr & Co., Ltd.; res., 3 Westgate 
Terrace, Whitstable, Kent, England. 

HASTINGS, RUSSELL, Purchase Clerk, 
Edison Electric Illuminating Co., 
Boston; res., 79 St. Paul St., Brook- 
line, Mass. 

HEATH, H. T., Commercial Engineer, 
Railway & Lighting Sales Dept., 
Westinghouse Electric & Mfg. Co., 
E. Pittsburgh; res., 1116 Rebecca St., 
Wilkinsburg, Pa. 

Horton, BRYSON D., General Manager, 
Detroit Fuse & Mfg. Co.; res., 146 
Calvert Ave., Detroit, Mich. 

JAMES, HAMILTON, Electrical Engineer, 
Stuart & James, Bluefield, W. Va. 

JENSEN, JAMES OLIVER, Secretary and 
General Manager, Los Gatos Tele- 
phone Co., Los Gatos. Cal. 


JETER, FLETCHER A., Superintendent 
Substations, Spokane Inland Empire 
Ry. Co., Spokane, Wash. 

JOHNSTON, A. L., Electrical Engineer 
Luzerne Co. Gas & Electric Co.; res., 
21 Centre Avenue, Plymouth, Pa. 


JONES, FREDERICK S., Student, Univer- 
sity of Maine, Orono, Maine. 


KAYvLOR, PAUL P., Chief Electrician, 
Olympic Portland Cement Co.; res., 
2737 Humbolt St., Bellingham, Wash. 


KEGERREIS, Roy, Instructor in Electri- 
cal Engineering, University of Penn- 
sylvania, Philadelphia, Pa. 

KINSMAN, R. E., Electrical Engineer, 
348 West 87th St., New York, N. Y. 


Kvopp, J. B., Student Engineer, Test- 
ing Dept., General Electric Co.; res., 
602 Union St., Schenectady, N. Y. 


KRIEGSMANN, ARNOLD E., Electrical 
Engineer, Lighting Engineering Dept. 
General Electric Co., Schenectady, 
N. Y. 
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KRONE, ROBERT Номанр, Draftsman, 
Bullock Electric Mfg. Co.; res., 2278 
Harris Ave., Norwood, Ohio. 

KUEHNE, JOHN HERBERT, Electrical 
Engineer, Buffalo Electric Co.; res., 
179 Timon St., Buffalo, N. Y. 

KUNKEL, CHARLES D., Sales Engineer, 
Westinghouse Electric & Mfg. Co., 
712 Paulsen Bldg., Spokane, Wash. 

KuriE, C. W., JR., Operating Dept., 
Colorado Springs Light, Heat & 
Power Co., 116 E. Washington St., 
Colorado Springs, Colo. 

Kurtz, FREDERIC W., Ballistic Divi- 
sion, E. I. duPont deNemours Powder 
Co., Henry Clav; res., Claymont, Del. 

LARSEN, C. J., Chief Engineer, Consoli- 
dated Telephone Co., Hazleton, Pa. 

LIGHTBODY, JAMES N., Electrical Drafts- 
man, City Electric Light Department, 
Calgary, Alta. 

MacMvuncHv, HERBERT GRANVILLE, 
Chief Electrical Draftsman, Toronto 
Power Co.; res., 1537 Duffern St., 
Toronto, Ont. 

MARTIN, W. H., Engineering Dept., 
American Telephone & Telegraph 
Co., 15 Dey St., New York, N. Y. 

MCCLELLAN, L. N., Junior Engineer, 
U.S. Reclamation Service; res., Y. M. 
C. A. Bldg., Phoenix, Ariz. 

McGuIRE, WILLIAM P., Traveling 
Electrician, C. R. I. & P. Ry.; res., 
319 S. Lombard Ave., Oak Park, Ill. 

MEYERHERM, CHARLES F., Assistant 
to Consulting Electrical Engineer, 
Stevens Institute of Technology, 
Hoboken, N. J.; res., 833 Gates Ave., 
Brooklyn, N. Y. 

Nims, STUART A., Assistant Engineer, 
New Hampshire Public Service Com- 
mission, Concord; res., 81 Park Ave., 
Keene, N. H. 

NOLTE, R. W., Wireman, Isthmian 
Canal Commission, Miraflores, Canal 
Zone. 

OvEROCKER, RANDALL HAYNER, Engi- 
necring Assistant, New York Tele- 
phone Co., New York, N. Y.; res., 
Hasbrouck Heights, N. J. 

PARKER, R. L, Electrical Engineer, 
Lighting Engineering Dept., General 
Electric Co., Schenectady, N. Y. 
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Parsons, D. E., Salesman, Westing- 
house Electric & Mfg. Co., 1714 
Union Bank Bldg., Pittsburgh, Pa. 

PEARSON, G. ALLEN, Special Electrical 
Testing, Crocker-Wheeler Co., Am- 
pere; res., 182 N. 16th St., E. Orange, 
N. J. 

Кіснеу, A. L., Engineering Assistant, 
New York Telephone Co.; res., 224 
E. 15th St., New York, N. Y. 

SAMS, FRED V., Draftsman, Allis-Chal- 
mers Co., Milwaukee, Wis. 

ScHMAUDER, W. G., Superintendent of 
Power, Texas Power & Light Co., 
Waco, Texas. 

SCHUMAN, ERNEST Scott, Graduate 
Student in Applied Science, Harvard 
University; res., 5 Carver St., Cam- 
bridge, Mass. 

ScRIVEN, E. O., Electrical Engineer, 
Western Electric Co., 463 West St., 
New York, N. Y. 

SIMONSON, G. M., Electrical Draftsman, 
State Department of Enginecring, 
Sacramento; res., 1524 Alameda Ave., 
Alameda, Cal. 

ӛмітн, DwicHT L., Power Supervisor, 
Chicago Elevated Railroads; 4631 
Indiana Ave., Chicago, Ill. 

STAIR, JACOB, JR., Engineer, General 
Engineering Div., Westinghouse Elec- 
tric & Mfg. Co.; res., East Liberty 
Y. M. C. A., Pittsburgh, Pa. 

STERN, M. R., General Manager, South 
Pittsburgh Light & Power Co., 
Adams Bldg., Chattanooga, Тепп. 


STEWART, C. R., Electrical Engineer, 
General Electric Co.; res., 68 Spring- 
side Ave., Pittsfield, Mass. 

SuGIYAMA, Когсні, Electrical Engineer, 
Inawashiro Hydro-Electric Co. Ltd., 
Marunouchi, Tokyo, Japan. 

SWENSON, THEODORE, JR., Engineering 
Dept., St. Paul Southern Electric 
Ry.; 256 Goodrich Ave., St. 
Paul, Minn. 

TAYLOR, Horace V. S., Electrical En- 
gineer, Westinghouse Electric & Mfg. 
Co.; res., Simen Ave., N. S., Pitts- 
burgh, Pa. 


res., 


TOWN, THOMAS, Resident Engineer, 
Power House, Rapid City, Manitoba. 
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VANNORMAN, C. P., Resident Engineer 
Toronto & York Radial Railway Co.; 
res., 282 Carlton St., Toronto, Ont. 

WALKER, J. P. Service Engineer, West- 
inghouse Electric & Mfg. Co.; res., 78 
W. North Ave., Atlanta, Ga. 

WALTER, R. E. Detail Draftsman, 
Litchfield Mfg. Co.; res., 532 Dawson 
St., Waterloo, Ia. 

WASHBURN, FRANK S., President, Ala- 
bama Power Co., Stahlman Bldg., 
Nashville, Tenn. 

WENK, Morris, Draftsman, Stockton 
Iron Works; res., 17 N. California St., 
Stockton, Cal. 

WILLIAMS, RALPH, Assistant Chief, 
Electrical Dept., N. J. Zinc Co. (of 
Pa.), Palmerton; res., 201 Centre 
St., Slatington, Pa. 

YABE, Tomowo, Engineer, Keihau Elec- 
tric Railway Co., Osaka, Japan. 

ZIEHN, ROBERT S., Switchboard Re- 
pairman, Chicago Telephone Co.; 
res., 172 Eugene St., Chicago, Ill. 


Total 860. 
Elected March 18, 1914 


ATKINSON, OLIVER C., General Fore- 
man, Ist Division Electricians, Isth- 
mian Canal Commission, Gatun, C. Z. 

BAHLMANN, ERWIN FELIX, Chemist, 
United States Glue Co., Otjen; res., 
693 Layton Blvd., Milwaukee, Wis. 

BARKER, CHARLES M., Chief Estimat- 
ing Engineer, Standard Plunger Ele- 
vator Co., Worcester, Mass. 

BEAVER, J. І/үмеовр, Instructor in 
Electrica! Engineering, Drexel In- 
stitute, Philadelphia; res., Llanerch, Pa. 

BLAIR, FRANK W., Chief Draftsman, 
German American Stoneware Works, 
50 Church St., New York, N. Y. 

Boyer, ROBERT HOGARTH, Trans- 
former Commercial Dept., General 
Electric Co.; res., Room 352, Y. M. 
C. A., Pittsfield, Mass. 

BRApLEv, H. C., Construction Dept., 
Fort Wayne Electric Works of Gen- 
eral Electric Co., Fort Wayne, Ind. 

Broe, A. L., Commercial Engineering 
Dept., Edison Lamp Works, General 
Electric Co., Harrison, N. J.; res., 
214 E. 61st St., New York, N. Y. 
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BROWNELL, R. A., Engineering Dept., 
Lincoln Gas & Electric Light Co., 
Lincoln, Nebr. I 

BRUNT, ALBERT, Electrical Engineer, 
Westinghouse Electric & Mfg. Co.; 
res., 310 Denniston Ave., Pittsburgh, 
Pa. 

Bunpy, E. S., Construction Foreman, 
Niagara, Lockport & Ontario Power 
Co., Solvay, N. Y. 

CHAPP, JoHN J., Assistant Chief Elec- 
trician, Swift & Co., U. S. Yards; 
res., 6543 S. Paulina St., Chicago, Ill. 

CHRISTENSEN, C. P., Electrician, 218 
Fourth Ave. W., Kalispell, Mont. 

Cope, А. G., Switchboard Engineer, 
Canadian Westinghouse Co., Hamil- 

* ton, Canada. 

CowLEs, R. Roy, Assistant Superin- 
tendent Electric Distribution, Pacific 
Gas & Electric Co.; res., 514 Fair- 
banks Ave., Oakland, Calif. 


Cox, WILLIAM Norriss, Engineering 
Dept., General Electric Co., Phila- 
delphia, Pa. 

Солу, WILLIAM L., Electrical Engineer 
Cutler-Hammer Mfg. Co., 144th St. 
& Southern Boulevard, New York, 
N. Y. 


CuRTNER, D. Ілмрек, Purdue Uni- 
versity; res., 1028 Heath St., Lafay- 
ette, Ind. | 

DIESEM, L. C., Railway & Traction En- 
gineering Dept., General Electric Co. 
Schenectady, N. Y. 


Dimock, ARTHUR H., City Engineer, 
City Hall, Seattle, Wash. 


Dinter, H. A., Electrician, Hico Elec- 
tric Light & Power Co., Hico, Texas. 

Dowey, T. L., Telephone Enyincer, 
Western Electric Co.; res., 234 W. 
21st St., New York, N. Y. 


DRESSER, SIDNEY R., Power Engineer, 
United Electric Light & Power Co., 
1170 Broadway, New York, N. Y. 

ELLWANGER, EpWARD F., Tester & 
Repairer, General Electric Co.; res., 
1829 Fremont St., Chicago, Ill. 

ELLIOTT, SAMUEL S., Electrical Fore- 


man, Isthmian Canal Commission, 
Corozal, C. Z. 
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ERDMANN, Morris H., Salesman, Elec- 
tric Controller & Mfg. Co., Room 
1563, 50 Church St., New York, N. Y. 

FILKINS, Елки. R., Testing Enginecr, 
Illinois Northern Utilities Co.; res., 
820 N. Crawford Ave., Dixon, Ill. 

FOERSTERLING, FRED J., Superintend- 
ent Electrice Meter Dept., Central 
lilinois Light Co., 318 S. Jefferson St., 
Peoria, Ill. 

FoorE, ALBERT HIRAM, Electrician, 
Musolaphone Corporation, Room 
1609, 110 5. Dearborn St., Chicago, 
Ill. 

FUKAGAWA, KEECH, 
Arisan Sagiosho Mills, 
mosa, Japan. 

GAINES, S. NEWTON, Westinghouse 
Electric & Mfg. Co., E. Pittsburgh, 
Pa. 

GARDINER, THOMAS BRADFORD, Elec- 
trical Material Foreman, Isthmian 
Canal Commission, Miraflores Locks; 
res., Paraiso, C.Z. 

GARRETT, J. H., Electrical Foreman, 
Isthmian Canal Commission, Coro- 
zal, C. Z. 

Giroux, Roy M., Designing Engineer, 
D. C. Engineering Dept., General 
Electric Co., Schenectady, N. Y. 

GLASER, LEWIs TIER, Municipal Light 
Plant; res., 552 E. 117th St., Cleve- 
land, Ohio. 

GoopMAN, M. D., Salesman, Electric 
Controller & Mfg. Co., 50 Church St., 
New York, N. Y. 

GRAUER, JacoB G., Draftsman, De- 
partment of City Transit; res., 3203 
Engleside Place, Philadelphia, Pa. 

GRAYBILL, JOHN HOLDEMAN, Elce- 
trical Inspector, Jones & Laughlin 
Steel Co.; res, 3617 Dawson St., 
Pittsburgh, Pa. 

HAGENLOCHER, ERNEST, Electrical En- 
gineering, J. G. White Engineering 
Corp., 43 Exchange Place, New York, 
N. Y. 

HacvE, Ғ.оур T., Engineer, Westing- 
house Electric & Mfg. Со. ; 
7532 Hamilton Ave., Pittsburgh, Pa. 

Haines, J. М., Vice-President, Com- 
mercial Motor Car Co.; res., 162 Han- 
over St., Wilkes-Barre, Pa. 


Chief Engineer, 
Кав, For- 


res., 
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Hanson, E., City Electrical Engineer 
and Street Railway Superintendent, 
City Hall, Saskatoon, Sask. 

HARGER, CHARLES, Superintendent, 
Peninsular Power Co., Iron Moun- 
tain, Mich. 

Натсн, RALPH S., Power Station De- 
signer, Sargent & Lundy; res., 3539 
Grand Blvd., Chicago, Ill. 

HiRbLER, FAIRBANKS CARL, Super- 
visor of Traffic, Pioneer Telephone 
& Telegraph Co.; res., 927 W. 10th 
St., Oklahoma City, Okla. 

HloLLIiNGsWwoRTH, G. R. General 
Foreman Electrical & Mechanical 
Installation, Isthmian Canal Com- 
mission, Pedro Miguel, C. Z. 

Expert Aid, 

S. Naval 


HoLMEs, HOWARD A., 
Public Works Dept., U. 
Station, Newport, R. I. 

JACKSON, NEWTON, Cadet Engineer, 
U. G. I. Company, Broad & Arch Sts., 
Philadelphia, Pa. 


JEFFERSON, W. H., Electrical En- 
gineer, Cutler-Hammer Mfg. Co.; 


res., Flat 3, 183-14th St., Milwaukee, 
Wis. 

KEMP, Н. D., Electrical Engineer, 
Foreign. Dept., Mead- Morrison Mfg. 
Co., E. Boston; res., 105 Mt. Vernon 
St.. W. Roxbury, Mass. 

KENDALL, ROBERT THRIFT, Construc- 
tion, Eastern Michigan Power Co., 
Jackson, Mich.; res., 2360 Glenwood 
Ave., Toledo, Ohio. 

KING, G. ALLAN, Assistant Superin- 
tendent of Shops, Public Service 
Railway, Newark;res., 169 Park Ave., 
Bast Orange, N. J. 

KING, Roperr P., Electrical Engineer, 
Public Service Railway Co., Newark; 
res., 101 Elm St., Montclair, N. J. 
Meter Tester, 

Power Co., Ton- 


KLrrreL, FRANK H., 
Nevada-California 
opah, Nev. 

Кошоск, G. J., Engineering Dept., 
Georgia Railway & Power Co.; res., 
237 N. Jackson St., Atlanta, Ga. 

LEE, Сох KiNGSLEY, Manager, Pike 
Co. Electric Light & Power Co., 
Bowling Green, Mo. 
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LEEPER, J. B., Engineer in charge, 
Electric Transmission Tower Dept., 
American Bridge Co., 1432 Frick 
Building, Pittsburgh, Pa. 

MAN, GEORGE A., Sales Dept., Cleve- 
land Electric Illuminating Co.; res., 
1923 Aiken Ave., Cleveland, Ohio. 

MAXWELL, MARCUSWELL, Student 
Engineer, General Electric Co., Union 
National Bank, Schenectady. N. Y. 

McDonatp, ELBERT CHARLES, Fore- 
man, Telegraph & Signal Dept., 
Panama R. R., Colon; res., Pedro 
Miguel, C. Z. 

McMILtan, Евер O., Student En- 
gineer, General Electric Co., Sche- 
nectady, N. Y. 

Moore, Jack, Electrical Operator, 
Canadian Klondyke Power Co., Daw- 
son, Y. T. 

Munroe, RussELL B. Electrician, 
Phoenix Construction Co., Bingham 
Canyon; res., 754 North Ist St. East, 
Provo, Utah. 

NEWTON, W. L., Student, Electrical 
Engineering, Throop College of Tech- 
nology; res., 470 Prescott St., Pasa- 
dena, Cal. 

NUTT, ARTHUR M., Assistant General 
Superintendent, Aluminum Co. of 
America, Pittsburgh, Pa.; res., Mas- 
sena, N. Y. 

PARKER, G. CAMERON, Technical Edi- 
tor, Motor Magazine; res., 20 Dorval 
Road, Toronto, Ont. 


PERRY, O. M., Superintendent, Wind- 
sor Hydro-Electric System, Windsor, 
Ontario. 

Puittips, С. E., Estimator, Allis- 
Chalmers Mfg. Co.; res., 4923 Linden 
St., Norwood, Ohio. 


Prescott, R. D., Inspector General, 
Telegraph & Telephone, Republic of 
Panama, Post Office Building, Pan- 
ama, Panama. 

REYNOLDs, OswWatp B., Operating En- 
gineer, Power Station, Waipori Falls, 
Otago, New Zealand. 

RINEHART, ORVILLE B., Electrical En- 
gineer, Ft. Wayne Electric Works of 
General Electric Co.; res., 3141 Broad- 
way, Ft. Wayne, Ind. 
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ROBINSON, PERCY W., Induction 
Motor Engineering Dept., General 
Electric Co.; 311 Craig St., Sche- 
nectady, N. Y. 

SCHWEGMANN, JOSEPH F., Electrical 
Engineer, Construction Engineering 
Dept., Texas Power & Light Co., 
Capital Hotel, Tyler, Texas. 

SHANKLIN, SHELBY, Commerical En- 
gineer, General Electric Co.; res., 
1029 Spruce St., Philadelphia, Pa. 

SHAW, CLAUDE L., Operating Dept., 
Northern California Power Co., Man- 
ton, Calif. 

SHOESTER, GEORGE W., Foreman of 
Electricians, Pennsylvania Railroad 
Co., Camden, N. J. 


SJoBLOM, A. T., General Electrical 
Foreman, Isthmian Canal Commis- 
sion, Corozal, C. Z. 


SYLVESTER, WILLIAM, Draftsman, 
Allis-Chalmers Mfg. Co.; res., 403- 
64th Ave., West Allis, Wis. 


Tuomas, Benj. F., JR., Assistant En- 
gineer, Electric Company of Missouri, 
Webster Groves; res., Kirkwood, Mo. 


TRAMM, WILLIAM H., Teaching Assist- 
ant, University of Michigan, Ann 
Arbor, Mich. 

WARNER, EpwARD E., Engineering 
Salesman, Aluminum Co. of America, 
513 Metropolitan Bank Building, 
Washington, D. C. 


WATSON, H. L., Electrical Engineer, 
Meter & Instrument Dept., General 
Electric Co., West Lynn, Mass. 


Weiss, F. C., Inspector of Transmis- 
sion line construction, Alabama Power 
Co., Birmingham, Ala. 

WELCH, GEORGE R., Electrical Foreman 
Isthmian Canal Commission, Coro- 
zal, C. Z. 

WELLs, C. J., Distribution Dept., 
Milwaukee Electric Railway & Light 
Co.; res., 212-13th St., Milwaukee, 
Wis. 

ZENGERLE, JosEPH C., Engineering In- 
spector, Bureau of Fire Alarm Tele- 
graph, Fire Department, New York; 
res., 33 Crosby Ave., Brooklyn, NÀY. 

Total 86 
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Applicatione for Election 


Applications have been received by 
the Secretary from the following candi- 
dates for election to membership in the 
Institute. Unless otherwise indicated 
the applicant has applied for admission 
as an Associate. If the applicant has 
applied for direct admission to a higher 
grade than Associate, the grade follows 
immediately after the name. Any 
member objecting to the election of any 
of these candidates should so inform 
the Secretary before April 30, 1914. 
Avery, T., Jr., Srinagar, India. 
Becker, E. L., Ampere, N. J. 
Benedict, E. G., New Haven, Conn. 
Bentley, R. O., (Member) Hackensack, 

N. J. 

Boyden, L. L., Corozal, C. Z. 
Britt, O. L., Stillwater, Okla. 
Bundy, O. H., Washington, D. C. 
Carpenter, R. H., New York, N. Y. 
Chu, F. I., Madison, Wis. 
Chung, N. P., Madison, Wis. 
Ely, F. H., Corozal, C. Z. 

Fay, J. L., (Fellow), St. Louis, Mo. 
Freeman, J. S., Philadelphia, Pa. 
Hellenthal, J., Seattle, Wash. 
Hiss, F. I., Jr., (Member), Ampere, N.J. 
Holz, M. H., Philadelphia, Pa. 
Jobson, A. J., Brigham City, Utah. 
Keller, L. H., Chicago, Ill. 
Kimball, J. M., Providence, R. I. 
Lansing, F. M., Omaha, Neb. 
Larkin, J. E., Pittsfield, Mass. 
Mans, G. C., Boston, Mass. 
Marsh, F. L., Chicago, Ill. 
Mercer, J. M., Pittsburgh, Pa. 
Millan, W. H., St. Louis, Mo. 
Mitrovitch, M. S., Drum, Calf. 
Moore, I. W., Des Moines, Iowa. 
More, C. H., New York, N. Y. 
Neus, Н. E., New York, N. Y. 
Nichols, G. B.. ( Member), Albany, М.Ү. 
Owens, R., Chicago, Ill. 

Paul, C. W., New York, N. Y. 
Perry, B. L., Edmonton, Alta. 
Richards, W. E., Toledo, Ohio. 
Schirtzinger, F. E., Middletown, Ohio. 
Schuler, L., Berlin, Germany. 
Shire, H. I., Detroit, Mich. 
Silver, N. H., Seattle, Wash. 


PROCEEDINGS OF A. I. E. E. 


[April 


Smith, H. R., Toronto, Ontario. 

Wilcox, R. B., Pittsburgh, Pa. 

Wilson, A., Montreal, Quebec. 

Wright, C. F., Des Moines, Iowa. 
Total 42. 


Students Enrolled February 
26 and March 18, 1914 


ENROLLED FEBRUARY 26, 1914 


6320 Green, C.H., Stanford University. 
6321 Haas, P. G., Wentworth Institute. 
6322 Stewart, J. H., Univ. of Cinn. 
6323 Anderson, C. H., Colorado College. 
6324 McCoy, W. C., Colorado College. 
6325 Rose, A. F., Colorado College. 
6326 Palmer, J. C., Univ. of Illinois. 
6327 Lockwood, C. H., Yale Univ. 
6328 Peters, E. B., Yale University. 


. 6329 Warrington, C. M., Univ. of Cinn. 


6330 Latimer, C. W., Univ. of Toronto. 
6331 Gleason, H. L., Wentworth Inst. 
6332 Searing, H. R., Cooper Union. 
6333 Kerrich, J. H., Lafayette Coll. 
6334 Polster, M. A. Lehigh Univ. 
6335 Downing, H. M., Ohio Nor. Univ. 
6336 Shallcross, S. M., Delaware Coll. 
6337 Leibold, C. A., Carnegie Inst. Tech. 
6338 Metzer, R. A., Ohio State Univ. 
6339 Stecl, W., Univ. of Toronto. 
6340 Reilly, F. P., Ohio Nor. Univ. 
6341 Malaise, C. L., Univ. of Illinois. 
0342 Gmeiner, E. V., Univ. of Mo. 
6343 Thomas, C. W., Univ. of Maich. 
6344 Watrous, F. C., Univ. of Mich. 
6345 Gamon, R. L., Univ. of Mich. 
6346 Engel, G. H., Univ. of Mich. 
6347 Waung, S. H., Univ. of Mich. 
6348 Farrell, H. F., Univ. of Mich. 
6349 Bishop, J. S. Univ. of Cinn. 
6350 Dace, F. E., Univ. of Illinois. 
6351 Smith, D. J., University of Illinois, 
6352 Everall, R. W., Bucknell Univ. 
6353 Atsatt, J. L., Worcester Poly. 
6354 Kenyon, B. H., Svracuse Univ. 
6355 Coffman, A. B., Penn. State Coll. 
6356 Shirley, J. G., Ohio Nor. Univ. 
6357 Borroughs, W , Jr., Armour Inst. 
Technology. 
6328 Tart, E. G., Wentworth Inst. 
0359 Grimm, B. F., Cornell Univ. 
6360 Packard, W., Cornell University. 
6301 Brown,H.B.,Kan. State Agri. Coll. 
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6362 Farmer,G.L.,Kan.State Agri. Coll. 
6363 Gross, L. G., Kan. St. Agri. Coll. 
6364 Klaumann,C.J.,Kan.St.Agri. Coll. 
6365 Barrows, C.A., Kan. St. Agri. Coll. 
6366 Nicholson, M. À., Kan.St. Agri Coll. 
6367 Rumbel, O.K., Kan. St. Agri. Coll. 
6368 Martindell, F., Cornell Univ. 
6369 Russell J. H., Univ. of Texas. 
6370 Berkley, H. W., Univ. of Texas. 
6371 Holporn, А. D., Univ. of Texas. 
6372 Udden, S. M., Univ. of Texas. 
6373 Gianotti, F. J., Univ. of Texas. 
6374 Keller, A., Stanford University. 
6375 Douglass, F. S., Purdue Univ. 
6376 Coggeshall, K. M., Wash. Univ. 
6377 Bellville, J. R., Wash. Univ. 
6378 Aldrich, L. C., Wentworth Inst. 
6379 Zi, S., Purdue University. 
6380 Rummel, P. C., Jr., Rensselaer 
Polytechnic Institute. 
6381 Gilmore, A. J., McGill Univ. 
6382 Anderson, E. L., Univ. of Nebr. 
6383 Edison, O. E., Univ. of Nebr. 
6384 Ericson, М. Univ.. of Nebr. 
6385 Jenkins, R. C., Univ. of Nebr. 
6386 Kaiser, A. A., Univ. of Penna. 
6387 Knopf, C. M., Univ. of Penna. 
6388 Knox, G. L., Univ. of Penna. 
6389 Koplin, E. A., Univ. of Penna. 
6390 McNabb, G. C., Univ. of Penna. 
6391: Maraghan, W., Univ. of Penna. 
6392 Ricciardi, S. D., Univ. of Penna. 
6393 Sappington, R. D., Univ. of Pa. 
6394 Richardson, D.F., Colo. Agri. Coll. 
6395 Brown, C. C., Univ. of Calif. 
6396 Lentz, R. V., Univ. of Kansas. 
6397 Hudspeth, C.C., Tex. A.& M. Coll. 
6398 Carmichael,G.F.,HighlandPk.Coll. 
6399 Colchester,C.P.,Highland Pk. Coll. 
6400 Johnson, J. F., Highland Pk. Coll. 
6401 Halbert, C. T., Kan. St. Agri. Coll. 
6402 Smith, W. R., Kan. St. Agri. Coll. 
6403 Geisendorf,L.C.,Kan.St.Agri.Coll. 
6404 Fickel, L. V., Kan. St. Agri.Coll. 
6405 Plush, E.V.,Kan. State Agri. Coll. 
6406 Davis, G. C., Wentworth Inst. 
6407 Bricker, R. W., Ohio Nor. Univ. 
6408 Warner, H. O., Penn. St. Coll. 
6409 McDdniels, S. P., Lewis Inst. 
6410 Lancey, R. E., Wor. Poly. Inst. 
6411 Laker, C., Ohio Nor. University. 
6412 Harned, M. L., Univ. of Cinn. 
6413 Arnold, E. L., Univ. of So. Cal. 
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6414 
6415 
6416 
6417 
6418 
6419 
6420 
6421 


6422 
6423 
6424 
6425 
6426 
6427 
6428 
6429 
6430 
6431 
6432 
6433 
6434 
6435 
6436 
6437 
6438 
6439 
6440 
6441 
6442 
6443 
6444 
6445 
6446 
6447 
6448 
6449 
6450 
6451 
6452 
6453 
6454 


6455 
6456 
6457 
6458 
6459 
6460 
6461 
6462 
6463 
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Davison, M. C., Syracuse Univ: 
Ginley, J. J. Syracuse Univ 
Whalen, H. P., Syracuse Univ: 
Souza, M. E., Univ. of Cal. 
Rahner, M. L., Ga. Sch. Tech.. 
Delf, L. E., Univ. of Mich. 
Dewars, A. G., Univ. of Minn. 
Philbrick, J. S., Highland Park Coll. 


ENROLLED МАксн 13, 1914 


Banes, C. R., Penna. State Coll. 
Erwin, L. B., Stanford University. 
Shoolbred, J., Jr., Lehigh Univ. 
Young, J. W., Univ. of Wisconsin. 
Steel, C. L., Penna. State Coll. 
Engsberg, R. W., Univ. of Wis. 
Kimball, J. T., Univ. of Wis. 
Grass, F. C., Highland Park Coll. 
Riggin, W. L., Ohio North. Univ. 
Stanford, A. G., Clemson College. 
Byrd, E. M., Clemson College. 
Morgan, G. R., Clemson College. 
Fletcher, J. E., Clemson College. 
Lachicotte, W. F.. Clemson Coll. 
McDonald, F. H., Clemson Coll. 
Emerson, C. R., Clemson Coll. 
Thornhill, T. W., Clemson Coll. 
Brownie, G. H., Clemson Coll. 
Boozer, H. S., Clemson College. 
Jervey, F. J., Clemson College. 
Thornton, C. C., Clemson College. 
Des Champs, C. E., Clemson Coll. 
Rogers, T. B., Clemson College. 
Banks, D. H., Clemson College. 
Hunter, M. W., Clemson College. 
Spies, А. T., Lehigh University. 
Reitz, R. A., Lehigh University. 
Goldsmith, L. M., Drexel Inst. 
Underhill, A. M., Penna. St. Coll. 
Marks, E. O., Colorado Agri. Coll. 
Powers, W. P., Univ. of Pitts. 
Nash, I. H., Kansas St. Agri. Coll. 
Stockebrand, H. W., Kansas St. 
Agricultural College. 

Kirk, R. S., Kansas St. Agri. 
Hagan, J.S., Kansas St. Agri. 
Alsap, J. E., Kans. St. Agri. 
Padron, А., Rensselaer Poly. 
Guest, H. E., Rens. Poly. 
Ziegler, H. J., Rens. Poly. 
Bartram, E. W., Rens. Poly. Inst. 
Sticht, R. E., Rens. Poly. Inst. 
Best, R. E., Univ. of So. Calif. 


Coll. 
Coll. 
Coll. - 
Inst. 
Inst. 
Inst. 
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6464 Williams, E.E., Jr., Ga. Sch. Tech. 
6465 Faulkner, L. W., Univ. of Ill. 
6466 Ricker, C. W., Mass. Inst. Tech. 
6467 Kreider, F. B., Ga. Sch. Tech. 
5468 Warring, A., Univ. of Michigan. 
6469 Clearwater, G. W., Syracuse Univ. 
6470 Radway, E. S., Syracuse Univ. 
6471 Kraft, C. H., Univ. of Missouri. 
6472 Vossler, J. M., A.&M. Coll. of Tex. 
6473 Williams, L. H., Ga. Sch. Tech. 
6474 Laird, K. V., Univ. of Calif. 
6475 Forster, G., Lehigh University. 
6476 Oetzel, J. G., Clemson College. 


Past Section Meetings 


BOSTON 

A meeting of the Boston Section 
was held in Tremont Temple on the 
evening of February 4, 1914. Three 
illustrated papers were presented on the 
subject “ Recent Developments and 
Present Tendencies in Railroad Work ”, 
as follows: 

1. “ Rolling Stock ”, by Henry Bart- 
lett, mechanical superintendent, Boston 
and Maine Railroad. 

2. “ Electrical Equipment,” by Fred- 
erick D. Hall, electrical enginecr, Boston 
and Maine Railroad. 

3. “ Permanent Way,” by A. B. Cor- 
thell, chief engineer, Boston and Maine 
Railroad. 

The meeting was held jointly with 
the Boston Society of Civil Engineers 
and the American Society of Me- 
chanical Engineers, under the auspices 
of the latter society, with a, total at- 
tendance of about three hundred. Мт. 
R. E. Curtis, secretary of the Boston 
Section, A. 5. M. E., presided. 


CLEVELAND 

On January 31 the members of the 
Cleveland Section went on an inspec- 
tion trip through the White Company's 
automobile manufacturing plant. As 
soon as a group of five or six arrived at 
the plant, they were started with a 
guide through the factory. This trip 
gave the members an opportunity to 
sce how a great many of the parts of a 
modern gasoline automobile were made 


and how the cars were assembled and 
finished. 


The next regular meeting of the 
Cleveland Section was held in the Il- 
luminating Building on Monday, Feb- 
ruary 23, Mr. E. A. Martindale pre- 
siding. There were 28 members and 
visitors present. 

Mr. H. L. Wallau, electrical en- 
gineer of the Cleveland Electric Illum- 
inating Company, presented a paper 
entitled “ Notes on Large Turbine- 
Driven Direct-Current Generators.” 
The paper was followed by a discussion 
by several members. 


DETROIT-ANN ARBOR 

A paper on “ Electrical Aids to 
Production in Factories” was pre- 
sented by Mr. H. E. Eastwood of the 
Electric Controller and Manufacturing 
Company, Cleveland, Ohio, at the 
meeting of the Detroit-Ann Arbor 
Section on February 13. 

The portion of the paper devoted 
to automatic acceleration and dynamic 
braking on motors driving machine 
tools was of most importance and 


interest. On lathes, planers, shapers: 


and other machines operated at high 
speeds where it is necessary to make 
frequent stops to change the work and 
adjacent cutting tools, Mr. Eastwood 
gave figures showing the increase in 
production possible when the operator 
is relieved of the control of the driving 
motor. Mr. Eastwood's figures were 
in one instance expressed in pounds 
of chips per horse power per minute. 
Production increases as great as 45 per 
cent are not uncommon with many 
machine tools. 

The employers' liability act now in 
force in many States has caused sev- 
eral companies to use dynamic braking 
to protect their workmen more fully. 
On machines where the clothing or par.s 
of the body of the operator are apt to 
be caught and drawn into the machine, 
as simple an expedient as a rope may 
be stretched across the front of the 
machine and connected to the con- 
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troller of the driving motor. A few 
pounds' tension in the rope serves to 
apply the brake and stop the motor. 

Mr. Eastwood described in detail one 
installation of a group of machines 
driven from one motor. On each 
machine at a point convenient to the 
operator was located a push button 
switch for operating a dynamic brake. 
In case of an accident to any one man, 
any of the operators could stop the 
driving motor in time to prevent 
more serious injury and possible 
loss of life. On this particular instal- 
lation the driving motor could be 
stopped dead in half a second and this 
without shearing off the motor or any 
of its connecting shafts. | 

This meeting was held in Detroit, 
with an attendance of 30. Vice- 
Chairman L. W. Eddy presided. 


Fort WAYNE 

A meeting of the Fort Wayne Section 
was held on February 19, at the Fort 
Wayne Electric Works, with a total 
attendance of 35. Chairman T. W. 
Behan presided. 

Reports were made by the committees 
on by-laws and standardization. Mr. 
C. L Hall then led a discussion of the 
methods of charging for electric power, 
with particular regard to the use of 
maximum demand meters in deter- 
mining a basis of charge. 


Los ANGELES 

The meeting of the Los Angeles Sec- 
tion on February 28 was held at the 
Throop College of Technology, in 
Pasadena, and was conducted by the 
А. Т. E. E. Branch at that institution. 
The total attendance was 59. 

The following subjects were presented 
by members of the Throop Branch, 
either by papers or by inspection of the 
work being done: ‘‘ Experiments on 
Y vs. Delta Systems," Walter L. 
Newton; “ Local Pumping Cost," Wil- 
lam F. Ayars; “ Electric Equipment 
for Automobiles,” G. D. Young; “ The 
Design of an Automobile T esting 
Plant,” H. B. Gerckens; "A High- 
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Tension Transformer Design,” A. W. 
Wells; “Experiments to Determine the 
Relation between Mechanical and Mag- 
netic Properties for Iron and Steel," 
V. Morse; and “ Comparative Gas 
Engine Tests for Different Fuels and 
Compressions," E. S. Gardiner. There 
was also a conducted inspection of the 
laboratory equipment at Throop. It 
was voted a most interesting and in- 
structive meeting by those who at- 
tended. 

At this meeting the Los Angeles 
Section adopted resolutions of sympathy 
and condolence, on learning of the 
death of C. A. Howell, Mem. A. I. E. E., 
of the Southern California Edison 
Company, and A. W. Lindgren, Assoc. 
A. I. E. E., of the Huntington Beach 
Utilities Company. 


LYNN 

At the meeting of the Lynn Section 
on February 18, in Burdett Hall, a 
lecture on “ Color Photography " was 
given by Professor Elihu Thomson, to 
an audience of 460 membersand visitors. 
Chairman E. R. Berry introduced the 
speaker. 

Before speaking of the methods of 
recording color by photographic means 
Professor Thomson touched upon the 
peculiarities of pigment in substances 
and particularly on the sensitiveness 
of such colors to the action of reagents. 
He then illustrated, by means of a 
chart of ether waves, the vibrations of 
different frequencies, beginning with 
ordinary frequencies of electrical trans- 
mission on conductors, and passing up 
through wireless transmission fre- 
quencies, Hertzian waves, infra-red heat 
waves, light rays of the visible spectrum, 
ultra-violet rays, and the highest rates 
of vibration so far known, exemplified 
in the Roentgen rays and the gamma 
rays from radium. After describing 
the method by which the eye sees color, 
and demonstrating, by means of the 
sodium flame and color disks, the com- 
bining and overlapping of color sen- 
sations, Professor Thomson took up the 
different methods of color photography. 
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He described the work of Ives, R. W. 
Wcod, Lippman, and the Lumiere 
brothers. Slides were shown to illus- 
trate the different kinds of color work 
in photography. 


The next meeting of the Lynn Section 
was held on March 6, in Burdett Hall, 
with an attendance of 276. Chairman 
E. R. Berry presided. 

The two speakers were Manager 
Walter C. Fish of the Lynn Works of the 
General Electric Company, who was 
the founder of the Section, and Profes- 
sor Elihu Thomson. Mr. Fish, speaking 
оп“ Side Lights on Our Work,” touched 
on the progress of science, the economic 
and moral causes of the high cost of 
living, the problem of immigration, and 
the need of social science— not senti- 
mentalism, but the real study of man 
by man. Professor Thomson emphat- 
ically advocated the study of evolution, 
and said that our legislators were in need 
of a closer knowledge of the gradual 
working of evolutionary processes. He 
also spoke of the X-ray investigations 
being conducted by Dr. W. D. Coolidge. 


MADISON 

At the meeting of the Madison 
Section on December 18, 1913, Professor 
J. W. Shuster of the electrical engi- 
neering department, University of Wis- 
consin, presented a paper entitled 
“ Electric Service for the City of 
Madison." “The question of electric 
rates and service for Madison 15 a live 
issue, since the possibility of obtaining 
electric power from Prairie du Sac by 
high-tension transmission has been 
under discussion for considerable time. 
In his paper, Professor Shuster ex- 
plained the different methods which 
might be used to arrive at the rates 
"now used by the Madison Gas and 
Electric Company. The data usedin 
illustration were taken from statistics 
of the Railroad Commission of Wis- 
consin. The paper was presented with 
a view to bringing out discussion. 

In the discussion, Professor C. M. 
Jansky described the methods used 
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by the Ontario Hydroelectric Commis- 
sion, both from an operating stand- 
point and with reference to the deter- 
mination of rates. He criticized the 
methods used in many places in arriving 
at rates. Mr. M. H. Collbohm ex- 
plained the rapidly increasing  relia- 
bility of well designed present-day 
high-tension transmission systems, 
showing how interruptions to service 
may be reduced to a value which in 
many cases cannot be met in the 
operation of a system supplied by a 
steam plant. Mr. E. H. Kifer, Mad- 
ison Gas and Electric Company, and 
Mr. Dudley Montgomery, Southern 
Wisconsin Railway Company, dis- 
cussed the matters of machine factors 
and rates for street railway power 
service. À number of questions per- 
taining to the situation were asked and 
answered by others present. 

Chairman Edward Bennett presided, 
and the total attendance was 49. 


MEXICO 

The March meeting of the Mexico 
Section was hcld on March 3 at the 
Restaurant Bach, Mexico City, with 
an attendance of 25 members and 
guests. Secretary James Carson pre- 
sided. 

At the close of the dinner, Messrs. 
Wil N. Parsons and Enrique Hubard 
presented papers on the electrical con- 
tractor in Mexico. Mr. Hubard, who 
spoke in Spanish, advocated the regis- 
tration of all electricians in Mexico City 
after examination by competent au- 
thorities, as a means of doing away 
with the handicap electrical contractors 
are under because of the activities of 
unscrupulous itinerant electricians. 
This suggestion was received most 
favorably by the audience. Mr. Par- 
sons' address was of a humorous nature, 
and pictured the versatility required of 
an electrical contractor in Mexico. 


MINNESOTA 
The regular monthly meeting of the 
Minnesota Section was held in the 
Main Engineering Building at the 
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University of Minnesota, Minneapolis, 
on February 16. 

The program consisted of two papers, 
the first one being given by Mr. V. S. 
Beck, manager of the Beck Electrical 
Construction Company. This paper 
related to the use, but more particular- 
ly a discussion of some tests which had 
been made, of '' High-Tension Fuses. ”’ 
By high tension is meant pressures as 
high as 100,000 volts. The paper was 
illustrated with: a number of stereop- 
ticon slides, showing the effect of the 
rupture of the circuit carrying this high- 
voltage current, and it appeared that 
fuses were now available which could 
safely handle this kind of current equal- 
ly well as, if not better, than circuit 
breakers. The point was brought out 
that the fuses interrupted the current 
more quickly than circuit breakers and 
that this extremely quick action would 
not cause severe surges or other serious 
line disturbances. 

The next paper was presented by Mr. 
Robert F. Pack, vice-president and gen- 
eral manager of the Minneapolis Gen- 
eral Electric Company, and was entitled 
“The People and Public Service Cor- 
porations. ” This paper was a very 
frank discussion of Mr. Pack's view of 
the relation which should exist be- 
tween public service corporations and 
the public. He stated that while the 
sentiment was growing for publicly 
owned public utilities, the time had not 
yet arrived for as satisfactory service 
under this arrangement as was now 
being given by properly controlled, 
but privately owned, companies. He 
Stated that such business as that in 
which his company was engaged was 
and should be monopolistic in character, 


and that such companies should Бе 


under the control of a competent com- 
mission. He believed such commissions 
would be appointed in the near future, 
where they were not already existing, 
and urged that engineering societies 


should see to it that the engineering © 


profession is properly represented on 
such commissions, as such matters are 
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more engineering problems than purely 
legal and financial ones. 

Chairman W. T. Ryan presided, and 
the total attendance was 68. 


PANAMA 

The third meeting of the Panama 
Section was held in the offices of the 
Panama Railroad, Colon, Republica de 
Panama, Sunday, February 1. The 
meeting was called to order at 2:35 p.m. 
by Vice-Chairman Ernest E. Lee. 
Thirty-four were present. 

Mr. W. H. Fenley delivered a paper 
on “Interlocking and Automatic Sig- 
nals, " describing at length the early 
history and later development of rail- 
way signals and interlocking plants. 
The paper covered the field of signal 
engineering, with a detailed explana- 
tion of many features, track circuits, 
alternating-current versus direct-cur- 
rent supply, automatic signal mechan- 
isms, blocks, etc. Mr. Fenley illus- 
trated and explained the various types 
of signal used on the Panama Railroad 
by using miniature models, in which 
the signal arms could be moved by 
hand to all positions. 

Mr. A. B. Kratz presented a paper 
entitled ‘‘ How the Telephone Helped 
to Build the Panama Canal.” Mr. 
Kratz gave a history of the early 
troubles encountered by the telephone 
men in developing the present effica- 
cious system from the single line of pre- 
American days. Mr. Kratz spoke of 
the different types of pole lines which 
have been installed at various times— 
concrete poles with wooden cores, creo- 
soted poles, iron-pipe poles, and the 
clamped rail type of pole which is now 
used to carry from forty to eighty wires. 

A discussion of the two papers fol- 
lowed, in which Messrs. Rowe, Lee, 
Clark, Reddig, Ely, Myrick and Mc- 
Cann participated. 


PHILADELPHIA 
The Philadelphia Section held a 
meeting at the Engineers’ Club on 
March 9. Chairman A. R. Cheyney. 
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presided, and the total attendance was 
169. 

Dr. Hoadley gave a short talk on the 
proposed joint mccting of all the en- 
gineering societies in Phiüadelphia, and 
Mr. Stevens made a short address for 
the Public Policy Committce, and 
called the attention of the membcers to 
the International Electrical Congress 
to be held in San Francisco in 19Í5. 

Captain L. S. Ryan, having been un- 
expectedly ordered to Oklahoma, was 
unable to be present, but sent his paper 
on “ Applications of Electricity in the 
Army,” which was read by Mr. Hornor. 
Naval Constructor J. G. Tawresey pre- 
sented a paper on ''Applications of 
Electricity in the Navy," and Mr. Max- 
well W. Day presented a paper on “The 
Manufacture of Electrical. Apparatus 
for the Army and Navy." 

The discussion. which followed was 
participated in by Naval Constructors 
Snow, Linard, Wright, Bankson and 
Tawresey, and Messrs. Stevens, Hornor, 
Penrose, Goodwin and Day. 


PITTSFIELD 


The eighth meeting of the Pittsfield 
Section for the season was held on Thurs- 
day, February 12, at the Berkshire 
Athenaeum. Mr. J. J. Frank, chair- 
man of the Section, presided, and the 
total attendance was 30. 

The paper of the evening was pre- 
sented by Messrs. M. E. Tressler and 
J. P. Minton, of the Pittsfield works 
laboratory of the General Electric Com- 
pany. The subject of their talk was the 
‘Cathode Ray Tube and Its Applica- 
tions." This was of particular interest 
because the paper was based on the ac- 
tual experiences of the authors with the 
cathode ray tube during the past year 
or more, 


The ninth meeting of the Section was 
held on March 5 at the Wendell Hotel. 
Dr. W. S. Franklin of Lehigh Univer- 
sity spoke on the subject of '' Coupling 
of Circuits.” By using lantern slides 
and a number of mechanical models 
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Dr. Franklin made his subject extremely 
clear. 

The attendance at this meeting was 
103. 

oT. Lovis 

The eighty-seventh meeting of the 
St. Louis Section was held jointly with 
the Engineers Club of St. Louis in the 
rooms of the latter organization on the 
evening of January 21. Chairman F. J. 
Bullivant presided, and twenty mem- 
bers and twenty-four guests were pres- 
ent. 

Two papers were presented on this 
occasion, the first by Mr. Hugo Wur- 
dach, consulting engineer. Мг. Wur- 
dach spoke on ''Special Features of 
Power Plant Equipment for the Rail- 
way Exchange Building," with special 
reference to the layout of the plant, 
showing how special boiler construction 
and arrangement of steam piping con- 
tributed to a satisfactory arrangement 
in the limited space available. 

“ Power Plant Equipment for the 
Laclede Gas Light Company ” was the 
subject of the second speaker, Mr. 
William Bradford, electrical engineer 
for the Laclede Power Company. With 
the aid of blue prints and photographs, 
Mr. Bradford described the arrange- 
ment of the plant, the method of hand- 
ling coal and ash, and also the method 
of filtering the water taken from the 
Mississippi river. 


SCHENECTADY 
The Sehenectady Section held а 
meeting on February 10 in the Edison 
Club Hall, at which the attendance 


was 175. Chairman George H. Hill 
presided. 
The subject of the cvening was 


os 


“ Modern Conceptions of Electricity, 
presented by three speakers. The first 
was Dr. Whitney, who discussed briefly 
the value to the Research Laboratory 
of keeping abreast with the latest devel- 
opments in theoretical aspects of physics 
and especially of the influence that the 
introduction of new concepts in physics 
has had on electrical engineering. Тһе 
electron theory, radioactive phenomena, 
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the extension of the spectrum to X-rays 
and Y-rays as the upward limit of 
frequencies of electromagnetic radiation 
and the recent theories of the structure 
of the atom, were mentioned as inter- 
esting and important recent develop- 
ments in physics. 

Dr. I. Langmuir outlined the main 
features of the electron theory and 
showed how, by means of this theory, 
one could explain the production of 
electromagnetic waves, the phenomena 
of conductance in solids and gases, and 
the production of the magnetic field. 
The speaker discussed the most recent 
views on the structure of the atom and 
the molecule and also spoke of the man- 
ner in which Bragg and others have 
been able by means of X-ray photo- 
graphs to determine crystal structure. 

Dr. S. Dushman mentioned briefly 
the result obtained from the investi- 
gation of the laws of distribution of 
energy in the spectrum of black body 
radiation and the argument which led 
Planck to postulate an atomistic theory 
of energy, or quantum theory, as it 
has been designated. The speaker 
also mentioned the application of the 
theory to the fields of specific heats, 
X-rays and photo-electric effects. 


TOLEDO 

The Toledo Section had a meeting 
on March 6, at the Toledo Commerce 
Club, which was attended by twenty 
members and visitors. 

Mr. Walter Coakley, of the Toledo 
Railways and Light Company, addressed 
the meeting on the manufacture of 
illuminating gas. Mr. Coakley had a 
miniature gas plant to demonstrate the 
methods of manufacture. А general 
discussion followed. 


URBANA 

The Urbana Section met on Febru- 
ary 14, in the electrical engineering 
laboratory of the University of Illinois. 
Mr. F. H. Millener, who is experimental 
engineer for the Union Pacific Railroad, 
gave a lecture on “ Wireless Telegraphy 
for Railroads. ” 
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Chairman Morgan Brooks presided. 
The attendance was 45. 


VANCOUVER 

The Vancouver Section held a meet- 
ing on January 9, in the British Colum- 
bia Electric Railway Company’s lecture 
room. Chairman E. M. Breed pre- 
sided. At this meeting Mr. J. H. 
Paget concluded his paper on “ Direct- 
Current Switchboard Meters, ” the first 
part of which had been presented at 
the preceding regular meeting. A dis- 
cussion followed, in which most of 
the members present took part. 


The next meeting of the Section was 
held on February 27, in the rooms of 
the University Club. Chairman Breed 
presided, and forty members were 
present. 

After the executive business had been 
transacted, Mr. John Montgomery pre- 
sented a paper on “ Central Station 
Practise as Applied to Solicitation and 
Retention of Business,’’ which was 
followed by a general discussion. 


WASHINGTON, D.C. 

A joint meeting of the Washington 
Section of the American Institute of 
Electrical Engineers and the Washing- 
ton Society of Engineers was held in 
the lecture room of the Cosmos Club, 
on Tuesday, February 10. Mr. Bion 
J. Arnold, of Chicago, was the speaker 
of the evening and made some remarks 
on “Some Applications of the Prin- 
ciples of Conservation to the Readjust- 
ment of Relations between Municipal- 
ities and Urban Railways.” The so- 
cieties were fortunate in having as their 
guests two of the Commissioners of the 
District of Columbia and the president 
of one of the principal public service 
corporations of the District. Mr. Ralph 
W. Pope was also present. All of these 
gentlemen made interesting contribu- 
tions to the discussion on Mr. Arnold's 
remarks. 

The total attendance was approxi- 
mately two hundred. Chairman H. C. 
Eddy presided. 
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Personal 


Mr. W. S. Murray was on March 
16 appointed by the New York, 
New Haven and Hartford Railroad 
Company to be consulting engineer in 
general charge of all electrical engi- 
neering and construction, reporting to 
President Hustis, with offices at New 
Haven. Mr. Murray, following the 
substantial completion of the construc- 
tion of the system for complete 
electrical operation west of New Haven, 
will enter into closer relations with the 
railroad company. His jurisdiction will 
hereafter be extended to include also 


the electrical features of operation in . 


addition to electrical construction. Не 
will continue with the firm of McHenry 


and Murray in general consulting 
practise as before. 
Obituary 
EpwiN JAMES Houston, Ph. D., 


Member and Past-President of the A. 
I. E. E., died of heart disease at his 
home in Philadelphia on March 1, 1914. 
Professor Houston was born in Alex- 
andria, Va., July 9, 1847, and educated 
principally in the public schools and in 
the Central High School of Philadelphia, 
which school he was to serve long and 
faithfully as professor of physical geog- 
raphy and natural philosophy. After 
teaching for a time at Girard College, 
he was elected professor of civil engi- 
neering in the Central High School. He 
was soon after transferred to the chair 
of natural philosophv, of which he was 
professor emeritus at the time of his 
death. Professor Houston interested 
himself in the new subject of electric 
lighting about 1879, and together with 
Professor Elihu Thomson, who was also 
teaching at that time in the Central 
High School, worked out the Thomson- 
Houston system of arc lighting, which 
made its appearance in 1881 and soon 
won its way into prominence all over 
the civilized world. Тһе Thomson- 
Houston dynamo embodied many novel 
features of design which aroused a great 
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deal of interest. The work done during 
this partnership of two years forms part 
of the history of electrical engineering, 
and Professor Houston's many inven- 
tions in the field of arc lighting met with 
deserved success. Professor Houston 
was a charter member of the American 
Institute of Electrical Engineers, being 
elected an Associate on April 15, 1884, 
and transferred to the grade of Member 
on October 21 of the same year. In 
that year Professor Houston had been 
appointed by the United States govern- 
ment a member of the United States 
Electrical Commission, which convened 
in Philadelphia, and he was also elected 
by the Franklin Institute chief engineer 
of the International Electrical Exhibi- 
tion in Philadelphia. This exhibition. 
was well carried out, and the practical 
tests of electrical apparatus then made 
were a valuable contribution to the 
advance of electrical science. From 
this time on, Professor Houston was 
prominent in electrical rescarch of every 
sort, and also devoted much of his time 
to the popular exposition of electrical 
knowledge by lectures and textbooks. 
He was keenly alive to the growing 
importance of science in education, and 
was not only an inspiring teacher, but 
a sympathetic friend, to the young men 
who came under his influence. He 
resigned from the Central High School 
about 1895, and became associated 
with Dr. A. E. Kennelly, now of Har- 
vard University, in consulting engineer- 
ing practise, and he maintained an 
office in Philadelphia as a consulting 
engincer up to the time of his death. 
His contributions to the literature of 
natural science were numerous, and 
were written in a terse and vigorous 
style characteristic of the man. Of his 
fifty-two books perhaps the best-known 
to electrical men are the “ Dictionary 
of Electrical Words, Terms and Phrases, 
“ Electricity in Every-Day Life, ” and 
the electrotechnical series written in 
collaboration with Dr. Kennelly and 
published in the Electrical World years 
ago. The latter were among the first 
primers on electrical subjects appear- 
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ingin anylanguage. Professor Houston 
was elected president of the Institute 
in 1893 and again in 1894. He was 
professor emeritus of physics at Frank- 
lin Institute, professor of physics at 
the Medico-Chirurgical College, a mem- 
ber of the American Institute of Min- 
ing Engineers, the American Philo- 
sophical Society, the Philadelphia Acad- 
emy and many other scientific organ- 
izations. He was president of Section 
C of the Electrical Congress held in 
Chicago in 1893, and the first president 
of the electrical section of the Franklin 
Institute. He received the honorary 
degree of Ph. D. from Princeton Uni- 
versity. 

At the meeting of the Board of Di- 
rectors on March 13, 1914, the following 


resolutions were adopted: 

Whereas: on March 1, 1914, the American 
Institute of Electrical Engineers sustained the 
sad loss of one of its Past-Presidents, and a very 
large number of non-members suffered the great 
loss of a universally beloved friend and teacher, in 
the death of Edwin James Houston, А. B., A. M., 
Ph. D. (hon.), of Philadelphia, whose work in the 
application of electricity to the industries, 
especially in that early trying period when so 
little precedent existed, brought him credit and 
fame both here and abroad, and whose attractive 
method of teaching his many young pupils and 
friends developed their interest and laid the 
foundation of the future careers of many who are 
now following the profession of electrical engi- 
neering and other branches of applied science; and 

Whereas: Edwin J. Houston was one of the 
first members of this Institute, was elected to its 
presdency in 1893 and again in 1894; 

Be it resolved: that the Board of Directors of the 
American Institute of Electrical Engineers hereby 
places on record its sense of the great loss sus- 
tained and its appreciation of his agreeable 
personality, his career, his exceptional abilities 
to interest young men in the pursuit of applied 
science, his long continued and active interest 
in this Institute, and his sincere sympathy with 
its objects, by which he made many warm and 
lasting friends; and 

Be it further resolsed: That the sympathy and 
condolence of the Board of Directors of the Insti- 
tute be extended to the bereaved relatives; and 

Be it further resolved: That these resolutions 
be transmitted to his nearest relatives, and that a 
copy be preserved in the archives of the Institute. 


GEORGE WESTINGHOUSE died at New 
York, March 12, 1914, in the sixty- 
eighth year of his age. His contribu- 
tions to “ advancement of the theory 


and practise of electrical engineering 
and of the allied arts and sciences, ” 
the work to which this Institute is ded- 
icated, have been such as to win for 
him the highest appreciation and grati- 
tude not alone of the members of this 
body, but of the entire civilized world. 

Prior to entering the field of electrical 
engineering, Mr. Westinghouse had, by 
reason of the development and intro- 
duction of his air brake, become well- 
known and honored both here апа 
abroad. 

During the past quarter of a century, 
he has found the time to carry on the 
further development of the air brake, 
railway signaling apparatus, the devel- 
opment and introduction of the. geared 
steam turbine, the air-spring, and many. 
other forms of mechanical apparatus, 
and at the same time, to organize and 
develop the Westinghouse Electric and 
Manufacturing Company. 

In the present note we shall undertake 
to treat only of his contributions to the 
electrical field and these only in outline. 
His first excursions into that field con- 
sisted of the development and patent- 
ing of an electro-pneumatic brake, and, 
later, an automatic telephone exchange. 

In 1884, Mr. Westinghouse first be- 
came interested in electric lighting. 
Becoming acquainted with William 
Stanley, he acquired the latter’s nghts 
to his incandescent lamp and engaged 
him tocometo Pittsburgh. The follow- 
ing year, the Gaulard and Gibbs sys- 
tem of distribution of alternating cur- 
rents by series transformers was brought 
to his attention, and he sent Franklin 
Leonard Pope, past-president of this 
Institute, to England to investigate its 
operation. This resulted in the pur- 
chase by Mr. Westinghouse of the 
American rights. Mr. Reginald Bel- 
field, then an electrician for Messrs. 
Gaulard and Gibbs, brought over a 
number of transformers and a Siemens 
alternator. 

The work of Mr. Westinghouse in 
connection with natural gas systems 
where the gas was sent through rel- 
atively small pipes over long distances, 
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at high pressure, and distributed to the 
consumer under reduced pressure, led 
him to believe that electric current 
could be advantageously distributed at 
high voltage and locally reduced by 
transformers, or converters, as they then 
were called. He therefore urged upon 
his assistants, Mr. Stanley, Mr. Bel- 
field, and Mr. Shallenberger, a young 
graduate of the Naval Academy, the 
importance of developing, in a practical 
manner, the somewhat crude Gaulard 
and Gibbs system. 

In the fall of 1885, Mr. Westinghouse 
arrangcd with Mr. Stanley for the lat- 
ter to establish an experimental labora- 
tory at Great Barrington, Mass., and 
there to devote his time to developing 
generators and transformers better 
suited for the constant-potential sys- 
tem. In March, 1886, Mr. Stanley 
was able to place these transformers in 
successful operation, and by the end 
of that year Mr. Westinghouse was 
prepared to launch the new system 
commercially, but he was able to do so 
only after overcoming the most severe 
opposition on the part of those who 
claimed that it was fraught with danger- 
ous qualities. 

While Mr. Westinghouse made many 
inventions in the electrical field, he 
recognized that it was of the utmost 
importance to his company that the 
devclopment work should be rapid, and 
he therefore gathered about him a 
group of young men of inventive minds. 
The energy, skill and inventive genius 
of Mr. Westinghouse himself, were a 
constant source of inspiration and en- 
couragement to each of these associates, 
and he was alwavs scrupulous to give 
to them full credit for inventions made 
by them, evincing a keen interest in 
the progress of their work, and aiding 
in every way by suggestion and counsel. 

In 1888, Mr. Westinghouse acquired 
for his company the alternating-current 
patents of Nikola Tesla, and ít was at 
the Pittsburgh works that Mr. Tesla, 
and the other associates, developed the 
practical forms of the induction motor. 
At about the same time there were 
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developed the Shallenberger meter and 
the Stillwell regulator, each of these 
devices being important contributions 
to the alternating-current system. 

An instance of his ability to cope 
with the most difficult problems was 
shown in carrying out the contract for 
lighting the World's Fair in Chicago. 
in 1893. When this contract was 
awarded to his company, Mr. Westing- 
house arranged to build dynamos of a 
size not theretofore contemplated, and, 
being confronted with the task of pro- 
viding incandescent clectric lamps which 
should not infringe the Edison lamp 
patents which had been sustained by 
the courts at about that time, he de- 
vised the so-called stopper lamp, and 
ingenious automatic machines for grind- 
ing the filament-carrying stopper into 
the neck of the lamp, thus defeating 
the prophecy, which had been freely 
made, that he would not be able to 
carry out the contract because of in- 
ability to provide the Edison lamps. 

Among his more recent inventions 
is the electro-pneumatic train control 
system which has been largely intro- 
duced on electric railways. 

Mention should also be made of his 
quick appreciation of the importance 
to the electrical art of the invention by 
Peter Cooper Hewitt of the Cooper 
Hewitt lamp and of the Cooper Hewitt 
rectifier. Acquiring a considerable in- 
terest in these inventions, Mr. Westing- 
house, in conjunction with Dr. Hewitt, 
organized the Cooper Hewitt Electric 
Company in 1902. 

The more difficult the task with which 
Mr. Westinghouse was confronted, the 
greater the zeal with which he sought 
its solution, and the fertility of his 
mind was such that he seldom failed to 
accomplish a desired result. 

Mr. Westinghouse's personality en- 
deared him to all his associates. He 
was constantly seeking to improve the 
conditions of his employees. He was 
the first manufacturer to introduce the 
Saturday half-holiday in this country. 
He saw to it that the surroundings of 
the workmen in the shops of all his 
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industries were such as to promote 
health and comfort. To him the ac- 
quisition of wealth was a secondary 
consideration, and money meant for 
him, merely the means for further pro- 
moting the welfare of mankind. Mr. 
Westinghouse found recreation in en- 
tertaining friends at his home, always 
taking a deep personal interest in each 
of his guests. 

In 1911, the American Institute of 
Electrical Engineers awarded to Mr. 
Westinghouse the Edison Gold Medal 
"for meritorious achievements in 
connection with the development of the 
alternating-current current system 
for light and power," and this medal 
was presented to him at the Annual 
Convention in Boston in June, 1912. 
He had also received various decora- 
tions abroad and was a member of many 
scientific societies. Last year he was 
awarded the Grashof Medal, the pres- 
entation of which was arranged for in 
New York, at the Annual Meeting of 
the American Soctety of Mechanical 
Engineers, but unfortunately, Mr. 
Westinghouse, by reason of his illness, 
was unable to be present to receive the 
medal in person. 

At the meeting of the Board of Di- 
rectors of the Institute, held on March 
13, 1914, the rollowing resolution was 
adopted: 


Whereas, George Westinghouse, an honored 
member of this Institute, died on March 12, 1914, 
and, 

Whereas, his contributions to the advance- 
ment of science and the useful arts were such as to 
receive well-merited recognition throughout the 
world, and the integrity of his character won for 
him the admiration of mankind; and, 

Whereas, his contributions to the development 
of the applied arts of electricity alone were so 
great as to rank him among the foremost of men 
ín the field to which the work of this Institute is 
especially devoted; and, 

Whereas, this Institute desires to record in its 
Minutes, the high appreciation in which his 
memory is held by its members; 

Now, Therefore, be it 

Resolved; that this Insitute hereby expresses 
its feeling of deep personal loss incurred by the 
death of George Westinghouse; its recognition 
of the great value to the world of the results of the 
energy, courage and wisdom which he devoted to 
the n obuilding and progress of the electrical arts; 
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its sincere admiration of the generous and manly 
qualities of the man which endeared him to all, 
and its desire to pay to his memory the highest 
tribute within its power; and be it 

Further Resolved; that а copy of this resolution 
be sent to his family. 


Library Accessions 


The following accessions have been made to the 
Library of the Institute since the last acknowledg- 
ment. 

American Electric Railway Association. Pro- 
ceedings, 1913. (5 vols.) New York, 1913. 
(Exchange. Year Book 1913-14. 

Annales de Chimie et de Physique. Tables. Ser. 
7, vols. 1-30, 1894-1903. Paris, 1911. 
(Purchase.) 

Argentine Social Museum. Annual Report Ist, 
1912-13. Buenos Aires, 1913. (Gift of 
Museum.) 

The Baudót Pnnting Telegraph System. Ву H. 
W Pendry, New York, 1913. (Purchase.) 

Electrical Nature of Matter and Radioactivity. 
Ed.2. By H. C. Jones. New York, 1910. 


(Purchase.) 

Electromagnetic Theory. By Oliver Heaviside. 
3 vols. London, 1893, 1899, 1912. (Pur- 
chase.) 


Die elektrischen Metallfadenglühlampen. Ву 
C. H. Weber. Leipzig, Јапеске, 1914. 
(Gift of publisher.) | 

The author quotes in his preface а statement 
that in 1911, the value of the filament lamps 
manufactured in Germany alone was about 
twelve million dollars. The importance oí his 
treatise is evident. It is largely devoted to 
manufacture, although preceded by a historical 

sketch W. P. C. 


Historic Priorities in Lynn. Ап address given at 
the dedication of the Society house, Lynn 
Historical Society, Oct. 9, 1913. By C. J. H. 
Woodbury, Lynn, 1913. (Gift of author.) 

India Rubber Journal Diary & Year Book, 1914. 
London, 1914. (Purchase.) 

Influence of evenly and unevenly distributed 
leakage on current and voltage in telegraphic 
circuits. (In Russian.) By W. Knowalen- 
koff. St. Petersburg, 1911. (Gift of author.) 

Insulation and Design of Electrical Windings. 
By A P. M. Fleming and R. Johnson. 
London-New York, 1913. (Purchase.) 

Interstate Commerce Commission. Annual Re- 
port 27th, 1913. Washington, 1914. (Gift 
of Interstate Commerce Commission.) 

McGraw Electrical Directory. Electric Railway 
Edition. February 1914. New York, 1914. 
(Purchase.) 

—— Lighting & Power Edition. October 1913. 

New York, 1913. (Purchase.) 

Electric Railway Edition. August 1910; Feb. 
and August 1912. 

—Lighting and Power Edition, April 1912. New 
York, 1910, 1912. (Gift of National Elec- 
tric Light Association.) 
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The Propagation of Interrupted Currents in Tele- 
graph Circuits. (In Russian.) 2 vols. By 
W. Kowalenkoff. St. Petersburg, 1912, 1913. 
(Gift of author.) 


Radiotelegraphy. U. S. Signal Corps, 1914. 
Washington, 1914. (Gift of U. S. War 
Dept.) 


Societa Italiana di Elettrochimica. Impianto 
Pescara 2° Salto, 1913. Roma, n.d. (Gift 
of Ulisse del Uuono.) 

Telegraph Supply and Manufacturing Company. 
Catalogue of manufacturers. Cleveland, n.d. 
(Gift of Edward Caldwell.) 


Union Switch and Signal Company. Annual 
Report 1884. Pittsburgh, n.d. (Gift of 
Edward Caldwell.) 

Verbandes Deutscher Elektrotechniker. Bericht 


über die Jahresversammlung, am June 19-20, 
1913, in Breslau. n.p. n.d. (Gift of Ver- 
band Deutscher Elektrotechniker.) 

Western Union Telegraph Company. A retro- 
epect. 1851—1901. New York,n.d. (Gift 
of Company.) 

Zeitschrift far  Kleinbahnen. Statistik de 
Kleinbahnen im Deutschen Reich, 1912, 
Berlin, 1914 (Exchange.) 


TRADE CATALOGUES 


Biddle, Jas. G. Philadelphia, Pa. Bulletin 775. 
Frahm vibration Tachometers. June 1913. 
Catalog 780. “С-КЕ ” Laboratory Rheostats. 

——185. °" Megger " testing sets and '' Bridge- 
Megger ” Testing sets. Jan. 1914. 

Century Electric Co. St. Louis, Mo. Bulletin 

No. 22, Alternating currents fans. 1914. 

No. 21. Single-phase self-starting motors. 

1914. 


Chicago Pneumatic Tool Co. Chicago, Ill. 
No. 150. Chicago coal drills. 1914. 


Electric Storage Battery Co. Philadelphia, Pa. 
Bulletins and handbooks on '' Chloride Ac- 
cumulator." 1911-14. 


Electric Storage Battery Co. Philadelphia, Pa. 
Hand Book HX. '"''Hyray-Exide"' battery 
and switchboard units for small electric- 
plants. 1914. 

General Electric Co. Schenectady, N. Y. 
Bull. No. A4188. Small direct current gen- 
erators, belted, type CVC. Nov. 1913. 


Bull. 
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Johns-Manville, H. W. Co. Cleveland, O. J.M. 


Roofing salesman. March 1914. 
Pawling & Harnischfeger Co. Milwaukee, Wis. 
The"P&H '" Excavator. 11рр. 1914, 


Société Génerale des Condensateurs Electriques 
Fribourg (Suisse.) 
Protection des R4seaux de Distribution contre 
les Décharges Atmosphériques et les Surtensions. 
Sprague Electric Works. New York, N. Y. 
Bull. No. 49000. Portable ozonators and 
price list. Catalogue, No. 329. Electric 
Fans. 

Yale & Towne Manufacturing Co. New York, 
N. Y. History of the trade mark * Yale." 
Jan. 1914, 
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Patents, Trade-marks, Design Patents. By H. 
C. Thomson. Boston, 1913. (Purchase.) 

American Newspaper Annual and Directory, 
1914. Philadelphia, 1914.  (Purchase.) 

Specifications for Types of Roads and Pavements 
and Materials of Construction used therein 
to be used by the New York State Highway 
Department recommended by A. H. Blan- 
chard and P. Hubbard to New York State 
Department of Efficiency and Economy. 
Dec. 4, 1913. Albany, 1913. (Gift of 
Messrs. Blanchard & Hubbard.) 

Carnegie Endowment for International Peace. 
Some Roads towards Peace. А report to 
the Trustees of the Endowment on observa- 
tions made in China and Japan in 1912. By 
Chas. W. Eliot. Washington, 1914. (Gift 
of Carnegie Endowment for International 
Peace.) 

Eagle Almanac 1914. New York, 1914. 
chase.) 

Regulations for the Transportation of Explosives 
and other dangerous articles by freight and 
by express and specifications for shipping 
containers. Interstate Commerce Commis- 
sion. Washington, 1911. (Gift of Inter- 
state Commerce Commission). 

Pocket glossary of English-German, German- 
English Technical Terms for enginecr and 
manufacturers. By J.G. Horner. London, 
1913. (Purchase.) 

Katalog der Bibliothek des Kaiscrlichen Patent- 
amts. Vols. 1-3. Berlin, 1913, (Purchase.) 


(Pur- 
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OFFICERS AND BOARD OF DIRECTORS, 1913-1914 


PRESIDENT. 


(Term expires July 31, 1914.) 
C. O. MAILLOUX. 


JUNIOR PAST-PRESIDENTS. 


GANO DUNN.. RALPH D. MBRSHON. 
VICE-PRESIDENTS. 
(Term expires July 31, 1914.) i (Term expires July 31, 1915.) 
A. W. BERRESFORD. J. A. LIGHTHIPE. 
. WILLIAM S. MURRAY. H. H. BARNES, JR.. 
SEVERN D. SPRONG. CHARLES E. SCRIBNER. 
MANAGERS, 
(Term expires July 31, 1914.) (Term expires July 31, 1915.) (Term expires July 31, 1916.) 
P. S. HUNTING. COMPORT A. ADAMS. H. A. LARDNER. 
NORMAN W. STORER. J. FRANKLIN STEVENS. B. A. BEHREND. 
WILLIAM S. LEE. WILLIAM B. JACKSON. PETER JUNKERSFELD. 
FARLEY OSGOOD. WILLIAM McCLELLAN. LEWIS T. ROBINSON. 
TREASURER. (Term expires July 31, 1914.) SECRETARY. 


GEORGE A. HAMILTON. 


F. L. HUTCHINSON. 


PAST-PRESIDENTS.—1884-1913. 


*NORVIN GREEN, 1884-5-6. 
*PRANKLIN L. POPE, 1886-7. 

T. COMMERFORD MARTIN, 1887-8. 
EDWARD WESTON, 1888-9. 

ELIHU THOMSON, 1889-90. 
*WILLIAM A. ANTHONY. 1890-91. 
ALEXANDER GRAHAM BELL, 1891-2. 
FRANK JULIAN SPRAGUE, 1892-3. 
*EDWIN J. HOUSTON, 1893-4-5. 
LOUIS DUNCAN, 1895-6-7. 

FRANCIS BACON CROCKER, 1897-8. 
A. E. KENNELLY, 1898-1900. 


CARL HERING, 1900-1. 

CHARLES P. STEINMETZ, 1901-2. 
CHARLES F. SCOTT, 1902-3. 
BION J. ARNOLD, 1903-4. 

JOHN W. LIEB, Jr., 1904-5. 
SCHUYLER SKAATS WHEELER, 1905-6. 
SAMUEL SHELDON, 1906-7. 
HENRY G. STOTT, 1907-8. 

LOUIS A. FERGUSON, 1908-09. 
LEWIS B. STILLWELL, 1909-10. 
DUGALD C. JACKSON, 1910-11. 
GANO DUNN, 1911-12. 


RALPH D. MERSHON, 1912-13. 


*Deceased. 


HONORARY SECRETARY. 
RALPH W. POPE, 


83 West 30th Street, New York. 


GENERAL COUNSEL. 
PARKER and AARON, 
52 Broadway, New York. 
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STANDING COMMITTEES 


Revised to April 1, 1914. 


EXECUTIVE COMMITTEE 


C. O. MAILLOUX, Chairman, 

90 West St., 
H. H. BARNES, JR., New York. 
GANO DUNN, New York. 
GEORGE A. HAMILTON, Elizabeth, N. J. 
WILLIAM McCLELLAN, New York. 
CHARLES E. SCRIBNER, New York. 


J. FRANKLIN STEVENS, Philadelphia, Pa. 


New York. 


FINANCE COMMITTEE ' 


J. FRANKLIN STEVENS, Chairman, 

1326 Chestnut Street, Philadelphia, Pa. 
A. W. BERRESFORD, Milwaukee, Wis. 
S. D. SPRONG, Brooklyn, N. Y. 


LIBRARY COMMITTEE 


SAMUEL SHELDON, Chairman, 

1984 Schermerhorn Street, Brooklyn, N. Y. 
F. L. HUTCHINSON, New York. 
F. B. JEWETT, New York. 
MALCOLM MacLAREN, Princeton, 
W. I. SLICHTER, New York. 


N. J. 


MEETINGS AND PAPERS COMMITTEE 


W. S. RUGG, Chairman, 
165 Broadway, New York. 
LEWIS T. ROBINSON, Secretary, 
General Electric Company, Schenectady, N. Y. 
L. W. CHUBB, Swissvale, Pa. 
H. A. HORNOR, Philadelphia, Pa. 
HENRY H. NORRIS, Ithaca, N. Y. 
and the chairmen of the technical committees. 


EDITING COMMITTEE 


LEWIS T. ROBINSON, Chairman 
General Electric Company, Schenectady, N. Y. 
F. F. FOWLE, New York. 
H. M. HOBART, Schenectady, N. Y. 
M. G. LLOYD, Chicago, Ill. 
A. S. McALLISTER, New York. 
W.I. SLICHTER, New York. 


CODE COMMITTEE 


FARLEY OSGOOD, Chairman, 
763 Broad Street, Newark, N. J. 
B. A. BEHREND, Boston, Mass. 
J. C. FORSYTH, New York. 
H. B. GEAR, Chicago, Ill. 
H. N. MULLER, Pittsburgh, Pa. 
H. R. SARGENT, Schenectady, N. Y. 
A. M. SCHOEN, Atlanta, Ga. 
GEORGE F. SEVER, New York. 
C. E. SKINNER, East Pittsburgh, Pa. 


BOARD OF EXAMINERS 
MAURICE COSTER, Chairman, 
165 Broadway, New York. 
W. G. CARLTON, New York. 
A. S. McALLISTER, New York. 
F. W. ROLLER, New York. 
S. D. SPRONG, Brooklyn, N. Y. 


SECTIONS COMMITTEE 
P. M. LINCOLN, Chairman, 
P. O. Box 911, Pittsburgh, Pa. 
C. L. CORY, Berkeley, Cal. 
S. G. McMEEN, Columbus, Ohio. 
W. S. RUGG, New York. 
J. F. STEVENS, Philadelphia, Pa. 
and the chairmen of all Sections, ex officio 


STANDARDS COMMITTEE 
A. E. KENNELLY, Chairman, 
Harvard University, Cambridge, Mass. 
COMFORT A. ADAMS, Secretary, 
Harvard University, Cambridge, Mass. 
MORTON ARENDT, New York. 
JAMES BURKE, Erie, Pa. 
W. A. DEL MAR, New York. 
W. C. L. EGLIN, Philadelphia, Pa. 
H. W. FISHER, Perth Amboy, N. J. 
H. M. HOBART, Schenectady, N. Y. 
DUGALD C. JACKSON, Boston, Mass. 
F. B. JEWETT, New York. 
B. G. LAMME, Pittsburgh, Pa. 
W. А. LAYMAN, St. Louis, Mo. 
M. G. LLOYD, Chicago, Ill. 
R. H. MARRIOTT, New York. 
A. S. McALLISTER, New York. 
WILLIAM McCLELLAN, New York. 
W. L. MERRILL, Schenectady, N. Y. 
W. S. MOODY, Pittsfield, Mass. 
HAROLD PENDER, Boston, Mass. 
W. H. POWELL, Milwaukee, Wis. 
CHARLES ROBBINS, East Pittsburgh, Pa. 


LEWIS T. ROBINSON, Schenectady, N.Y. 
E. B. ROSA, Washington, D. C. 
CHARLES F. SCOTT, New Haven, Conn. 


CLAYTON H. SHARP, New York. 

C. E. SKINNER, Pittsburgh, Pa. 

JAMES M. SMITH, Ampere, N. J. 
CHARLES P. STEINMETZ, Schenectady, N.Y. 
S. W. STRATTON, Washington, D. C. 
PHILIP TORCHIO, New York. 


LAW COMMITTEE 
CHARLES A. TERRY, Chairman, 
165 Broadway, New York. 
CHARLES L. CLARKE, Schenectady, N. Y. 
CHARLES E. SCRIBNER, New York. 
G. H. STOCKBRIDGE, New York. 
W. B. VANSIZE, New York. 
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SPECIAL COMMITTEES 


Revised to April 1, 1914. 


INDUSTRIAL POWER COMMITTEE 

R. TSCHENTSCHER, Chairman, 

Illinois Stee] Company, South Chicago. Ill. 
WILLIAM T. DEAN, Chicago, Ill. 
A. C. EASTWOOD, Cleveland, Ohio. 
E. FRIEDLAENDER, Braddock, Pa. 
C. T. HENDERSON, Milwaukee, Wis. 
CHARLES W, PARKHURST, Johnstown, Pa. 
CARL А. PAULY, Schenectady, N. Y. 
W. H. POWELL, Milwaukee, Wis. 
B. R. SHOVER, Youngstown, Ohio. 
ROBERT B. TREAT, East Orange, N. J. 
BRENT WILEY, Pittsburgh, Pa. 


TELEGRAPHY AND TELEPHONY 
COMMITTEE 
F. F. POWLE, Chairman, 
68 Maiden Lane, New York. 

M. H. CLAPP, St. Paul, Minn. 

E. H. COLPITTS, New York. 

M. M. DAVIS, New York. 

S. P. GRACE, New York. 
À. H. GRISWOLD, San Francisco, Cal. 
JOHN L. HOGAN, JR., Brooklyn, N. Y. 
L. S. KEITH, Chicago, Ill. 
x G. McMBEN, Columbus, Ohio. 
IM MARSHALL, New York. 

M MAVER, Jr., New York. 

А Mo МОКЕСКОРТ, New York. 

КТ. L REBER, Washington, D. С. 
І - RHODES, New York. 

се WAYNE, Indianapolis, Ind. 

ie WINSTON, Chicago, IU. 

: M. YORKE, New York. 


" p LECTROCHEMICAL COMMITTEE 
5 · GANZ, Chairman, 

C “pas Institute of Technology.Hoboken,N.J. 
y SURGESS, Madison, Wis. 

Ww PRANKLIN, Bloomfeld, N. J. 

CARL < ІРРОК”, Pittefield, Мам. 

BURT FERING, Philadelphia, Pa. 

L. L s McCOLLUM, Washington, D. С. 
` ^ SUMMERS, Chicago, Ill. 
` К. WHITNEY, Schenectady, N. Y. 


RLR COMMITTEE ON 
CTRICALLY PROPELLED VEHICLES) 
OLD PENDER, Chairman, 
491 Boylston St., Boston, Mass. 
A. CHURCHWARD, Boston, Mass. 
n - JONES, River Forest, Ill. | 
RNEST LUNN, Chicago, Ш. 
PRANK W. SMITH, New York. 
E. H. SMITH, Orange, N. J. 
H. P. THOMSON, Boston, Mass. 
P. D. WAGONER, Long Island City, N. Y. 
P. E. WHITNEY, Philadelphia, Pa. 
J. L. WOODBRIDGE, Philadelphia, Pa, 


COMMITTEE ON USE OF ELECTRICITY IN 
MINES 


WILFRED SYKES, Chairman, 
Box 242, East Liberty, Pa. 
C. W. BEERS, Wilkesbarre, Pa. 
GRAHAM BRIGHT, Wilkinsburg, Pa. 
H. H. CLARK, Pittsburgh, Pa. 
MARTIN H. GERRY, Jr., Helena, Mont. 
J. M. HOPWOOD, Wheeling, W. Va. 
J. T. JENNINGS, Pottsville, Pa. 
B. T. VIALL, Miami, Arizona. 
GEORGE R. WOOD, Philadelphia, Pa. 


COMMITTEE ON USE OF ELECTRICITY IN 
MARINE WORK 


C. S. McDOWELL, Chairman, 

U. S. Navy, Navy Yard, New York. 
D. M. MAHOOD, Secretary, 

U. S. Navy Yard, Brooklyn, N. Y. 

J. J. CRAIN, Quincy, Mass. 
MAXWELL W. DAY, Schenectady, N.Y. 
W. L. R. EMMET, Schenectady, N.Y. 
p. C. HANKER, Wilkinsburg, Pa. 
H. L. HIBBARD, Milwaukee, Wis. 
GUY HILL, Brooklyn, N. Y. 
H. A. HORNOR, Philadelphia, Pa. 
O. P. LOOMIS, Newport News, Va. 
G. A. PIERCE, Jr., Philadelphia, Pa. 
ELMER A. SPERRY, Brooklyn, N. Y. 
F. W. WOOD, New York. 


PRIME MOVERS COMMITTEE 


H. G. STOTT, Chairman, 
600 West 59th Street, New York. 
Р. G. GASCHE, Chicago, Ill. 
W. S. GORSUCH, New York. 
P. JUNKERSFELD, Chicago, Ill. 
DANIEL W. MEAD, Madison, Wis. 
R. J. S. PIGOTT, New York. 
G. I. RHODES, Boston, Mass. 


ELECTROPHYSICS COMMITTEE 


J. B. WHITEHEAD, Chairman, 

| Johns Hopkins University, Baltimore, Md. 
EDWARD BENNETT, Madison, Wis. 

H. L.. BLACKWELL, Cambridge, Mass. 

W. S. PRANKLIN, South Bethlehem, Pa. 
E. P. HYDE, Cleveland, Ohio. 

E. L. NICHOLS, Ithaca, N. Y. 

G. W. PIERCE, Cambridge, Mass. 

M. I. PUPIN, New York. 

E. B. ROSA, Washington, D. C. 

HARRIS J. RYAN, Stanford University, Cal. 
CHARLES P.STEIN METZ, Schenectady, N.Y. 
WILLIAM R. WHITNEY, Schenectady, N. Y. 
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ELECTRIC POWER COMMITTEE 


DAVID B. RUSHMORE, Chairman, , E. А. ТОВ, Secretary, 
P. AND M., DEPT., General Electric Company. Р. AND M. рерт., General Electric Company, 
Schenectady, N. Y. Schenectady, N. Y. 


and the members of the following sub committees: 


1. Power Stations. 4. Transmission—Continued 
DUGALD C. JACKSON, Chairman. A. L. HARRINGTON, Raleigh, N. C. 
Massachusetts Institute of Technology, R. S. KELSCH, Montreal, P. Q. 
Boston, Mass. J. A. LIGHTHIPE, Los Angeles, Cal. 
P. G. BAUM, San Francisco, Cal. P. M. LINCOLN, Pittsburgh, Pa. . 
Р. O. BLACKWELL, New York. J. B. MAHONEY, Shelburne Falls, Mass. 
N. A. CARLE, Newark, N. J. C. S. MAcCALLA, Spokane, Wash. 
HUGH HAZELTON, New York. R. J. McCLELLAND, New York. 
A. H. KRUESI, Schenectady, N. Y. W. E. MITCHELL, Birmingham, Ala. 
B. G. LAMME, Pittsburgh, Pa. F. B. H. PAINE, New York. 
J. A. LIGHTHIPE, Los Angeles, Cal. R. A. PHILIP, Boston, Mass. 
IRVING E. MOULTROP, Boston, Mass. C. S. RUFFNER, St. Louis, Mo. 
L. L. PERRY, Chicago, Ill. W. N. RYERSON, Duluth, Minn. 
R. A. PHILIP, Boston, Mass. JULIAN C. SMITH, Montreal, P. Q. 
A. E. POPE, Shelburne Falls, Mass. R. M. WILSON, Westmount, Que. 
FRANK SARGENT, Boston, Mass. T. A. WORCESTER, Schenectady, N. Y. 


J. P. VAUGHAN, Boston, Mass. 
5. Distribution. 


P. JUNKERSFELD, Chairman, 


2. Power Generation Committee. 120 West Adams Street, Chicago, Ill. 

E. J. BLAIR, Oak Park, Ill. 

H. W. BUCK, Chairman, W. G. CARLTON, New York. 
49 Wall Street, New York H. B. GEAR, Chicago, Ill. 

ALLAN V. GARRATT, Holliston, Mass. HAROLD GOODWIN, Philadelphia, Pa. 

Р. G. GASCHE, Chicago, Ill. P. M. LINCOLN, Pittsburgh, Pa. 

DANIEL W. MEAD, Madison, Wis. I E. B. MERRIAM, Schenectady, N. Y. 

S. D. SPRONG, Brooklyn, N. Y. W. S. MURRAY, New Haven, Conn. 


RALPH H. RICE, Chicago, Ill. 


3. Protective Apparatus. PHILIP TORCHIO, New York. 


CHARLES P. STEINMETZ, Chairman, 6. Economics 
General Electric Company, Schenectady, N. Y. | 
E. E. Р. CREIGHTON, Schenectady, N. Y. WILLIAM McCLELLAN, Chairman, 
R. P. JACKSON, Swissvale, Pa. 141 Broadway, New York. 
: д Е. J. СНЕМЕҮ, Secretary, 


ле Ба, Boston, Mass. 4 Bedford Road, Schenectady, N. Y. 


2... ў FARLEY С. CLARK, Toronto, Ont. 
. W. бИ. дылы W. S. GORSUCH, Ме» York. 


R. P. SCHUCHARDT, Chicago, Ili. E EE ы ы 
iui : етті W. М. RYERSON, Duluth, Minn. 


S. D. SPRONG, Brooklyn, N. Y. 
PERCY H. THOMAS, New York, W. S. TWINING, New York. 


7. Engineering Data. 
4. Transmission 
PERCY H. THOMAS, Chairman, 


P. W. SOTHMAN, Chairman, 2 Rector Street, New York. 
17 Battery Place, New York. N: A. CARLE, Newark, N. J. 

H. W. BUCK, New York. F. F. FOWLE, New York. 

C. I. BURKHOLDER, Charlotte, N. C. H. M. HOBART, Schenectady, N. Y. 

MARKHAM CHEEVER,Salt Lake City,Utah L. E. IMLAY, Niagara Falls, N. Y. 

V. G. CONVERSE, Niagara Falls, N. Y. O. A. KENYON, New York. 

P. M. DOWNING, San Francisco, Cal. A. S. McALLISTER, New York. 

O. H. ENSIGN, Los Angeles, Cal, C. S. McDOWELL, New York. 

G. FACCIOLI, Pittsfield, Mass. HAROLD PENDER, Boston, Mass. 

F. M. FARMER, New York. E. B. ROSA, Washington, D. C. 

VICTOR H. GREISSER, Spokane, Wash. W. S. RUGG, New York. ` 

P. T. HANSCOM, San Francisco, Cal. C. E. SKINNER, Pittsburgh, Pa, 


JOHN HARISBERGER, Seattle, Wash. C. W. STONE, Schenectady, N. Y. 
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ELECTRIC ILLUMINATION COMMITTEE 
CLAYTON H. SHARP, Chairman, 

556 East 80th Street, New York. 
LOUIS BELL, West Newton, Mass. 
FRANK CONRAD, Swissvale, Pa. 
J. W. COWLES, Boston, Mass. 
E. P. HYDE, Cleveland, Ohio. 
A. E. KENNELLY, Cambridge, Mass. 
C. F. LACOMBE, New York. 
IRVING LANGMUIR, Schenectady, N. Y. 
V. R. LANSINGH, Cleveland, Ohio. 
PRESTON S. MILLAR, New York. 
E. B. ROSA, Washington, D. C. 
W. D'A. RYAN, Schenectady, N. Y. 
G. H. STICKNEY, Harrison, N. J. 


RAILWAY COMMITTEE. 
FRANK J. SPRAGUE, Chairman, 
165 Broadway, New York. 

E. B. KATTE, Vice Chairman, 

Grand Central Terminal, New York. 
A. H. ARMSTRONG, Schenectady, N. Y. 
F. W. CARTER, Rugby, England. 
FREDERICK DARLINGTON, New York. 
W. A. DEL MAR, New York. 
C. E. EVELETH, Schenectady, N. Y. 
W. S. GORSUCH, New York. 
HUGH HAZELTON, New York. 
E. R. HILL, New York. 
W. S. MURRAY, New Haven, Conn. 
‚А. S. RICHEY, Worcester, Mass. 
CLARENCE, RENSHAW, Pittsburgh, Pa. 
MARTIN SCHREIBER, Newark, N. J. 
N. W. STORER, East Pittsburgh, Pa. 
B. F. WOOD, New York. 


COMMITTEE ON: RECORDS AND 
APPRAISALS OF PROPERTIES. 


W. B. JACKSON, Chairman, 

111 W. Monroe Street, Chicago, Ill. 
HAROLD ALMERT, Chicago, Ill. 
BION J. ARNOLD, Chicago, Ill. 
PHILANDER BETTS, Newark, N. J. 
FRED A. BRYAN, South Bend, Ind. 
H. H. CROWELL, Grand Rapids, Mich. 
HENRY FLOY, New York. 
WILLIAM McCLELLAN, New York. 
H. S. PUTNAM, New York. 
PAUL SPENCER, Philadelphia, Pa. 
W. S. TWINING, New York. 
B. F. WOOD, New York. 


EDUCATIONAL COMMITTEE. 


H. H. NORRIS, Chairman, 

103 College Ave., Ithaca, N. Y. 
F. C. BATES, New York. 
G. A. DAMON, Pasadena, Cal. 
C. R. DOOLEY, East Pittsburgh, Pa. 
W. A. HILLEBRAND, Corvallis, Oregon. 
J. P. JACKSON, Harrisburg, Pa. 
G. W. LAMKE, St. Louis, Mo. 
C. L. MEES, Terre Haute, Ind. 
J. H. MORECROFT, New York. 
A. J. ROWLAND, Philadelphia, Pa. 
ROBERT SIBLEY, San Francisco, Cal. 
CHARLES P.STEINMETZ, Schenectady, N. Y. 
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PUBLIC POLICY COMMITTEE. 
CALVERT TOWNLEY, Chairman, 
165 Broadway, New York. 


WILLIAM McCLELLAN, Vice Chairman, 
141 Broadway, New York. 

W. H. BLOOD, Jr., Boston, Mass. 

H. W. BUCK, New York. 

J. J. CARTY, New York. 

C. C. CHESNEY, Pittsfield, Mass. 

JOHN H. FINNEY, Washington, D. C. 

P. JUNKERSFELD, Chicago, Ill. 

H. A. LARDNER, San Francisco, Cal. 

L. A. OSBORNE, East Pittsburgh, Pa. 

E. W. RICE, Jr., Schenectady, N. Y. 

LEWIS B. STILLWELL, New York. 

H. G. STOTT, New York. 


PATENT COMMITTEE. 


RALPH D. MERSHON, Chairman, 
80 Maiden Lane, New York. 
BION J. ARNOLD, Chicago, Ill. 
C. S. BRADLEY, New York. 
F. F. FOWLE, New York. 
PETER COOPER HEWITT, New York. 


. JOHN F. KELLY, Pittsfield, Mass. 


H. WARD LEONARD, Bronxville, N. Y. 
M. I. PUPIN, New York. 

A. H. TIMMERMAN, St. Louis, Mo. 

W. E. WINSHIP, Newark, N. J. 

B. F. WOOD, New York. 


TECHNICAL LECTURES COMMITTEE. 


W. I. SLICHTER, Chairman, 
Columbia University, New York. 
WILLIAM A. DEL MAR, Secretary, 
N Y. C. & HRR. R; Co, 

Grand Central Terminal, New York. 
L. T. ROBINSON," Schenectady, N. Y. 
W. S. RUGG, New York. 
J. B. WHITEHEAD, Baltimore, Md. 


SPECIAL COMMITTEE ON ORGANIZATION 
іш OF TECHNICAL COMMITTEES. 


W. S. RUGG, Chairman, 
165 Broadway, New York. 
B. A. BEHREND, Boston, Mass. 
H. W. BUCK, New York. 
BANCROFT GHERARDI, New York. 
F. S. HUNTING, Fort Wayne, Ind. 


ENGINEERING COOPERATION 
COMMITTEE. 


WILLIAM McCLELLAN, Chairman, 


141 Broadway, New York. 
H. H. BARNES, Jr., New York. 
A. W. BERRESFORD, Milwaukee, Wis. 
C. E. SCRIBNER, New York. 
S. D. SPRONG, Brooklyn, N. Y. 
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MEMBERSHIP COMMITTEE. 


A. M. SCHOEN, Chairman, 

Equitable Building, Atlanta Ga. 
E. W. ALLEN, Chicago, Ill. 
E. A. BALDWIN, Schenectady, N. Y. 
F. J. BULLIVANT, St. Louis, Mo. 
O. B. COLDWELL, Portland, Ore. 
MAURICE COSTER, New York. 
BANCROFT GHERARDI, New York. 
A. H. LAWTON, New York. 
S. J. LISBERGER, San Francisco, Cal. 
N. J. NEALL, Boston, Mass. 
K. C. RANDALL, East Pittsburgh, Pa. 
H. CLYDE SNOOK, Philadelphia, Pa. 


CONSTITUTIONAL REVISION COMMITTEE 


BANCROFT GHERARDI, Chairman, 
15 Dey Street, New York. 
F. L. HUTCHINSON, Secretary, New York. 
DUGALD C. JACKSON, Boston, Mass. 
P. M. LINCOLN, Pittsburgh, Pa. 
A. S. McALLISTER, New York. 
WILLIAM McCLELLAN, New York. 
W. S. MURRAY, New Haven, Conn. 


W. S. RUGG, New York. . 


N. W. STORER, East Pittsburgh, Pa. 
H. G. STOTT, New York. 

P. H. THOMAS, New York. ` 
CALVERT TOWNLEY, New York. 
W. D. WEAVER, Charlottesville, Va. 


U. S. NATIONAL COMMITTEE OF THE 
INTERNATIONAL ELECTROTECHNICAL 
COMMISSION 


FRANCIS B. CROCKER, President. 
14 West 45th St., New York. 

A. E. KENNELLY, Secretary, 

Harvard University, Cambridge, Mass. 
C. A. ADAMS, Cambridge, Mass. 
FREDERICK BEDELL, Ithaca, N. Y. 
LOUIS BELL, West Newton, Mass. 
J. J. CARTY, New York. 
GANO DUNN, New York. 
CARL HERING, Philadelphia, Pa. 
H. M. HOBART, Schenectady, N. Y. 
P. JUNKERSFELD, Chicago, Ill. 
C. O. MAILLOUX, (Ex Officio) New York. 
B. С. LAM МЕ, Pittsburgh, Pa. 
J. W. LIEB, JR., New York. 
E. B. ROSA, Washington, D. C. 
CHARLES F. SCOTT, New Haven, 
CLAYTON H. SHARP, New York. 
SAMUEL SHELDON, Brooklyn, N. Y. 
CHARLES P. STEINMETZ, Schenectady, N. Y. 
HENRY G. STOTT, New York. 
S. W. STRATTON, Washington, D. C. 
ELIHU THOMSON, Lynn. Mass. 


Conn. 


INDEXING TRANSACTIONS COMMITTEE. 


GEORGE I. RHODES, Chairman, 


111 Devonshire Street, Boston, Mass. 
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COMMITTEE ON CODE OP PRINCIPLES 
OP PROFESSIONAL CONDUCT. 

GEORGE F. SEVER, Chairman, 

13 Park Row, New York. 
“Н. W. BUCK, New York. 
GANO DUNN, New York. 
JOHN F. KELLY, Pittsfield, Mass. 
SCHUYLER SKAATS WHEELER, 

Ampere, N. J. 


INTERNATIONAL ELECTRICAL CONGRESS, 
SAN FRANCISCO, 1918. 
EXECUTIVE COMMITTEE OF COMMITTRE 
ON ORGANIZATION. 


CHARLES P. STEINMETZ, Honorary Presi- 
dent of Congress. 


E. B. ROSA, Honorary Secretary of Congress. 


H. G. STOTT, Chairman, 
600 West 59th Street, New York. 


JOHN W. LIEB, Jn., Vice-Chairman, 

C. O. MAILLOUX, Chairman, Sub-Committee 
on International Relations, 

A. E. KENNELLY, Chairman, Sub-Committee 
on Program, 

HENRY A. LARDNER, Chairman, Sub-Com- 
mittee on Pacific Coast Relations, 

H. H. BARNES, Jr., Chairman, Sub-Committee 
on Transportation. 

GEORGE F. SEVER, Chairman, Sub-Commit- 
tee on Entertainment. 

PRESTON S. MILLAR, Secretary-Treasurer 
and Chairman, Sub-Committee on Pub- 
licity. 550 East 80th Street, New York. 

Р. L. HUTCHINSON, Secretary, А. I. E. E. 
(Ex Officio). 


NEW YORK RECEPTION COMMITTEE. 


A. H. LAWTON, Chairman, 
55 Duane Street, New York. 
H. H. BARNES, Jr., New York. 
F. C. BATES, New York. 
H. M. BRINCKERHOFF, New York. 
W. G. CARLTON, New York. 
MAURICE COSTER, New York. 
D. C. DURLAND, New York. 


`H. W. FLASHMAN, New York. 


HENRY, FLOY, New York. 

J. W. LIEB, Jr., New York. 

H. B. LOGAN, New York. 
WILLIAM McCLELLAN, New York. 
W. E. McCOY, New York. 

F. A. MUSCHENHEIM, New York. 
FARLEY OSGOOD, Newark, N. J. 
F. A. PATTISON, New York. 

C. E. SCRIBNER, New York. 
GEORGE F. SEVER. New York. 
SAMUEL SHELDON, Brooklyn, 
S. D. SPRONG, Brooklyn, N. Y. 
PERCY H. THOMAS, New York. 
CALVERT TOWNLEY, New York. 
W. F. WELLS, Brooklyn, N. Y. 


N. Y. 
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HISTORICAL MUSEUM COMMITTEE. COMMITTEE ON[RELATIONS ОР 
T. C. MARTIN, Chairman, CONSULTING ENGINEERS. 


29 West 39th Street, New York. LEWIS B. STILLWELL, Chairman, 


JOHN J. CARTY, New York. 100 Broadway, New York. 
CHARLES L. CLARKE, Schenectady, N. Y. FRANCIS BLOSSOM, New York. 

LOUIS DUNCAN, New York. H. W. BUCK, New York. 

E. W. RICE, Jr., Schenectady, N. Y. GANO DUNN, New York. 

CHARLES Р. SCOTT, New Haven, Conn. O. S. LYFORD, Jr., New York. 

FRANK J. SPRAGUE, New York. D. P. ROBINSON, Chestnut Hills, Mass. 


EDISON MEDAL COMMITTER. 


Appointed by the President for terms of five years. 


Term expires July 31, 1918. Term expires July 31, 1917. 
H. W. BUCK, New York. A. E. KENNELLY, Cambridge, Mass. 
J. FRANKLIN STEVENS, Philadelphia, Pa. H. WARD LEONARD, Bronxville, N. Y. 
F. A. SCHEFFLER, New York. ROBERT T. LOZIER, New York. 

Term expires July 31, 1916. Í Term expires July 31, 1915. 
PRANK J. SPRAGUE, New York. ELIHU THOMSON, Lynn, Mass. 
SCHUYLER SKAATS WHEELER, Chairman, J. W. LIEB, Jn., New York. 

Ampere, N. J. | 

W. D. WEAVER, Charlottesville, Va. E. L. NICHOLS, Ithace, N. Y. 


Term expires July 31, 1914. 


PHILIP P. BARTON, Niagara Falls, N. Y. J. J. CARTY, New York. 
J. G. WHITE, New York. 


Elected by the Board of Directors from its own membership for terms of two years. 


Term expires July 31, 1915. Term expires July 31, 1914. 
H. H. BARNES, Jn. New York. FARLEY OSGOOD, Newark, N. J. 
WILLIAM McCLELLAN, New York. RALPH D. MERSHON, New York. 
S. D. SPRONG, New York. CHARLES E. SCRIBNER, New York. 

Ex-Officio Members. 
C. O. MAILLOUX, President, New York. 
GEORGE A. HAMILTON, Treasurer, F. L. HUTCHINSON, Secretary, 
Elizabeth, N. J. New York. 


INSTITUTE REPRESENTATIVES 


ON BOARD OF AWARD, JOHN FRITZ MEDAL. 


DUGALD C. JACKSON, Boston, Mass. RALPH D. MERSHON, New York. 
GANO DUNN, New York. C. O. MAILLOUX, New York. 


ON BOARD OF TRUSTEES, UNITED ENGINEERING SOCIETY. 


GANO DUNN, New York. CHARLES E. SCRIBNBR, New York. 
H. H. BARNES, JR., New York. 


ON LIBRARY BOARD OF UNITED ENGINEERING SOCIETY. 


SAMUEL SHELDON, Brooklyn N. Y. MALCOLM MACLAREN, Princeton, N. J. 
P. B. JBWETT, New York. W. I. SLICHTER, New York. 
P. L. HUTCHINSON, New York. 
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INSTITUTE REPRESENTATIVES 


(Continued.) 


ON ELECTRICAL COMMITTEE ОР NATIONAL FIRE PROTECTION ASSOCIATION. 
The Chairman of the Institute's Code Committee, Farley Osgood, Newark, N. J. 


ON ADVISORY BOARD OF AMERICAN YEAR-BOOE. 
EDWARD CALDWELL, New York. 


ON ADVISORY BOARD, NATIONAL CONSERVATION CONGRESS. 
CALVERT TOWNLEY, New York. 


ON COUNCIL OF AMERICAN ASSOCIATION FOR THE ADVANCEMENT ОР SCIENCE. 
W. S. FRANKLIN, South Bethlehem, Pa. G. W. PIERCE, Cambridge, Mass. 


ON CONFERENCE COMMITTEE OF NATIONAL ENGINEERING SOCIETIES. 
CALVERT TOWNLEY, New York. WILLIAM McCLELLAN, New York. 


ON JOINT COMMITTEE ON ENGINEERING EDUCATION. 
CHARLES F. SCOTT, New Haven, Conn. SAMUEL SHELDON, Brooklyn, N. Y. 


ON AMERICAN ELECTRIC RAILWAY ASSOCIATION'S COMMITTEE 
ON JOINT USE OF POLES 


FARLEY OSGOOD, Newark, N. J. F. B. H. PAINE, New York. 
PERCY H. THOMAS, New York. 


ON NATIONAL COMMITTEE ON ELECTROLYSIS. 


BION J. ARNOLD, Chicago, Ill. ` F. N. WATERMAN, New York. 
PAUL WINSOR, Boston, Mass. 


ON JOINT COMMITTEE ON LEGISLATION RELATIVE TO REGISTERING ENGINEERS. 
WILLIAM McCLELLAN, New York. S. D. SPRONG, New York. 


ON BOARD OF MANAGERS, PANAMA-PACIFIC INTERNATIONAL ENGINEERING 
CONGRESS, 1918. 


A. M. HUNT, San Francisco, Cal. J. G. DEREMER, San Francisco, Cal. 
And the PRESIDENT and SECRETARY of the Institute. 


ON NATIONAL COMMITTEE OF INTERNATIONAL ILLUMINATION COMMISSION. 


A. E. KENNELLY, Cambridge, Mass. C. O. MAILLOUX, New York. 
CLAYTON H. SHARP, New York. 


LOCAL HONORARY SECRETARIES. 


JAMES S. FITZMAURICE, WILLIAM G. T. GOODMAN, 
G. P. O. Perth, Australia. Adelaide, South Australia. 
GUIDO SEMENZA, ROBERT JULIAN SCOTT. 
N. 10, Via S. Radegonda, Milan, Italy. Christ Church, New Zealand, 
L. A. HERDT, McGill University, Montreal, Que HENRY GRAFTIO, St. Petersburg, Russia. 
CLARE F. BEAMES, RICHARD O. HEINRICH, 
Bangalore, Mysore Province, India Genest-str. 5 Schoeneberg, Berlin, Germany. 
A. @ GARFIELD, 67 Avenue de Malakoff, Paris, France. 
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LIST OF SECTIONS 
Revised to April 1, 1914. 


Name and when Organized 


Atlanta.......... Jan 
Baltimore........ Dec 
Boston.......... Feb 
Chicago................ 
Cleveland........ Sept 


Ithaca........... Oct 
Los Angeles...... May 
Lynn...... eo» o. Aug. 
Madison.........Jan. 
Mexico.......... Dec. 
Milwaukee.......Feb. 
Minnesota....... Apr 
Panama..... 2. . Oct. 
Philadelphia... ... . Feb. 
Pittsburgh....... Oct 
Pittsfield.........Mar 
Portland, Ore..... May 
8t Louis.........Jan. 
Sen Francisco. .. Dec 
Schenectady..... Jan. 
Seattle.......... Jan. 
Spokane.........Feb. 
Toledo..... ; d: . .June 
Toronto........ . . Sept. 
Urbena.......... Nov. 
Vancouver....... Aug. 


Washington, D.C..Apr. 
Total, 30. 


19, '04 


A. M. Schoen. 
J. B. Whitehead. 


N. J. Neall 


D. W. Roper. 


J. C. Lincoln. 


A. R. Sawyer. 


T. W. Behan. 

O. S. More. 

E. L. Nichols. 

E. R. Northmore. 
E. R. Berry. 
Edward Bennett. 
Norman Rowe. 
L. E. Bogen. 

W. T. Ryan. 
Edward Schildhauer. 
A. R. Cheyney. 
A. M. Dudley. 

J. J. Prank. 

G. P. Nock. 


F. J. Bullivant. 
A. H. Griswold. 
George H. Hill. 

8. C. Lindsay. 

J. B. Fisken. 
George E. Kirk. 
D. H. McDougall. 
Morgan Brooks. 
E. M. Breed. 


| H. C. Eddy. 


Secretary 


H. M. Keys, 
Southern Bell Tel. & Tel. Co., Atlanta, Ga. 


L. M. Potts, 
Industrial Building, Baltimore, Md. 


L. L. Edgar, 
39 Boylston Street, Boston, Mass. 


E. W. Allen, 
1028 Monadnock Building, Chicago, Ill. 


R. E. Scovel, 
1663 East 86th Street, Cleveland, Ohio. 


Ray K. Holland, 
Cornwell Building, Ann Arbor, Mich. 


P. H. Haselton, 
Fort Wayne Electric Works 
Ft. Wayne, Ind. 
G. B. Schley, 


805 Pythian Building, Indianapolis, Ind. 


George S. Macomber, 
Cornell University, Ithaca, N. Y. 


C. G. Pyle, 
914 Hibernian Bldg., Los Angeles, Cal. 


J. A. McManus, Jr., 
General Electric Co., Lynn, Mass. 


P. A. Kartak, 
Univ. of Wisconsin, Madison, Wis. 


James Carson, 
Mexican Light and Power Compan 


Mexico City, 
L. P. Coulter, 
2500 Chestnut Street, 
Milwaukee, Wis. 
Fred G. Dustin, 


9 South Fifth St., Minneapolis, Minn. 


Mexico. 


W.R. McCann, 
Isthmian Canal Commission, 
Culebra, Canal Zone 
H. F. Sanville, 


1326 Chestnut St., Philadelphia, Pa. 


E. R. Spencer, 
814 Prick Building, Pittsburgh, Pa. 


G. W. Wad 
General Electric Company, Pittsfield, Mass. 
R. F. Mon 
G. E. Cos "Electric Building, Portland, Ore. 
A. McR. Harrelson, 
Fagen Electric Mfg. Co., St. Louis, Mo. 
819 Rialto Building, San Francisco, Cal. 
John R. Hewett, 
Gen. Elec. Co., Schenectady, N. Y. 
E. A. Loew 
University of Washington, Seattle, Wash. 
. Peirce 
Box 1436, Spokane, Wash. 
Max N euber, 
Cohen, Freidlander & Martin, Toledo, O. 
H. T. Case, 
Continental Life Bldg., Toronto, Ont. 
I. W. Fisk, 
University of Illinois, Urbana, Ill. 
. Robinson, 
c 003 Holden Building, Vancouver, B. C. 
1302 N. Street, N.W., Washington, D. C. 
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[April 


LIST OF BRANCHES 


Revised to April 1, 1914. 


Name and when Organized. 


Agricultural and Mechanical 


College of Texas..... ov. 12, '09 
Arkansas, Univ. of...... Mar. 25, '04 
Armour Institute........ Feb. 26, '04 
Bucknell University..... May 17,10 
California, Univ. of...... Feb. 9,112 
Cincinnati, Univ. of..... Apr. 10, '08 
Clemson cultura! Col- 

lege.. bia EATUR ae grs Nov. 8,'12 
Colorado State Agricul- 

tural College.......... Feb. 11, '10 
Colorado, Univ. of...... .Dec. 16,04 
Highland Park College..Oct. 11, °12 
Iowa State College..... Apr. 15, '03 
Iowa, Univ. of......... May. 18, '09 
Kansas State Agr. Col...Jan. 10, '08 
Kansas, Univ. of....... Mar. 18, '08 
Kentucky State Univ. оѓ Осе. 14, '10 
Lafayette College....... Apr. 5, ‘12 
Lehigh University...... Oct. 15, 02 
Lewis Institute ........ Nov. 8,'07 
Maine, Univ. of........ Dec. 26, '06 
Michigan, Univ. of...... Mar. 25, '04 
Missouri, Univ. of...... Jan. 10, 03 
Montana State Col......May 21, 407 


Chairman 


D. B. Pickens. 
S. S. McGill. 

E. L. Nelson. 
F. O. Schnure. 
Charles Z. Yost. 


John H. Stewart. 


F. J. Jervey. 


L. M. Klinefelter. 


L. E. Sweitzer. 
E. B. Williams, 
Earle G. Nichols. 
J. H. Scanlon. 

L. O'Brien. 


H. C. Hansen. 


H. B. Hedges. 


G. P. Ellis. 


W. B. Todd. 


A. H. Fensholt, 


C. M. Kelley. 


P. H. Evans. 


H. B. Shaw. 


Мах W. Kenck. 


Secretary 


E. C. Rack, 
A. & M. College, College Station, Тех. 


M. B. Roys, 
Univ. of Arkansas, Fayetteville, Ark. 


T. C. Bolton, 
Armour Inst. Tech., Chicago, Ill. 


J. M. Hillman, 
Bucknell University, Lewisburg, Pa. 


L. E. Rushton 
University of California, Berkeley, Cal. 


J. S. Bishop. 
2345 Kemper Lane, Cincinnati, Ohio. 


F. H. McDonald, 
Clemson College, S. C. 


R. K. Havighorst. 
Colorado State Agricultural College, 
Fort Collins, Colo. 

Frank A. Redding, 


University of Colorado, Boulder, Colo. 


Ralph R. Chatterton, 
Highland Park College, Des Moines, 


Iowa. 
F. A. Robbins, 
Iowa State College, Ames, Iowa. 


A. H. Ford, 
University of Iowa, Iowa City, Ia. 


W.C. Lane, 
Kansas State Agric. Col., 


L. M. Bocker, 
Univ. of Kansas, Lawrence, Kansas. 


Manhattan, 
Kan. 


H. Tyler Watts, 
315 East Maxwell Street, Lexington, Ky. 


V. A. Davison, 
Lafayette College, Easton, Pa. 


G. Forster, 
Lehigh University, S. Bethlehem, Pa. 


Fred А. Rogers, 
Lewis Institute, Chicago, Ill. 


E. L. Getchell, 
University of Maine, Orono, Maine. 


E. T. Anderson, 
608 Mary Court, Ann Айс Mich. 


E. W. Kellogg. 
9 Engineering Building, Columbia, Mo. 


J. A. Thaler. 
Montana State College, Boseman, Moat. 
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LIST OF BRANCHES—Continued 


Name and when Organized Chairman Secretary 


Nebraska, Univ. of...... Apr. 10, '08 | Olin J. Ferguson. | V. L. Hollister, 
Station А, Lincoln, Nebraska 


New Hampshire Col...... Feb. 19, '09 
North Carolina Col. of Agr. Wm.H.Browne,Jr.| James Fontaine, 
and Mech. Arts....... Feb. 11, '10 West Raleigh, N. C. 


Ohio Northern Univ......Feb. 9,'12 | George E. Boesger| Harry Restofski, 
| Ohio Northern University, Ada, Ohio. 


Ohio State Univ.........Dec. 20, '02 | L. R. Yeager. John M. Strait, 
` Ohio State Univ., Columbus, Ohio. 
Oklahoma Agricultural and A. P. Little. Quentin Graham 
Mech. Col...... ......Oct. 13, "11 " 416 Hester Street, Stillwater, Okla. 
Oklahoma, Univ. of...... Oct. 11, '12 | RID. Evans. Lj: Hibbard, 
niv. of Oklahoma, Norman, Okla. 
Oregon Agr. Col......... Mar. 24, '08 | A. O. Manigold. I. L. Olmstead, 
Oregon Agric. Col., Corvallis, Ore. 
Oregon, Univ. of........ Nov. 11, 110 | C. R. Reid. C. H. Van Duyn, 
Univ. of Oregon, Eugene, Oregon. 
Penn State College...... Dec. 20, ‘02 | T. A. Jones. A. D. Shultz, 


State College, Pa. ` 
Pittsburgh, University оѓ. Feb. 26, 714 
v 
Purdue Univ............Jan. 26, 03 | C. P. Harding. A. N. Topping, 
Purdue University, Lafayette, Ind. 


Rensselaer Poly. Inst... . Nov. 12, 00 | W. J. Williams, H. F. Wilson 
Rensselaer Poly. Institute, Troy, N. Y. 


Rose Polytechnic Inst... .Nov. 10, '11 | Charles F. Harris. | Claude A. Lyon, 
1331 Liberty Avenue, Terre Haute, Ind. 


Rhode Island State Col.. Mar. 14, '13 | Harry Webb. P. M. Randall, Rhode Island State 
College, Kingston, R. I. 
Stanford Univ........... Dec. 13, '07 | G. O. Wilson. L. M. Bussert, 
Stanford University, Cal. 
Syracuse Univ........... Feb. 24, '05 | W. P. Graham. R. A. Port 
| Syracuse шегу, Syracuse, N. Y. 
Texas, Univ. of......... Feb. 14, '08 | Joseph W.Ramsey,| J. A. Correll. 
University of Texas, Austin, Tex. 
Throop College of Tech- 
nology............... Oct. 14,'10 | W.L. Newton, A. W. Wells. 
Throop Poly. Institute, Pasadena, Cal. 
Vermont, Univ. of.......Nov. 11. '10 i 
Virginia, Univ. of........ Feb. 9, '12 | Walter S. Rodman| H. Anderson. Jr. 
1022 West Main St., Charlottesville, Va. 
Wash., State Col. of....Dec. 13, '07 | M. K. Akers. H. V. Ca 
State Co I. of Wash., Pullman, Wash. 
Washington Univ........Feb. 6,'04| К. D. Duncan, Jr.| С. C. Hardy, 


Washington University, St. Louis, Mo. 


Washington, Univ. of... Dec. 13, '12 | A. P. Newbury. Charles A. Stanwick, 
Univ. of Washington, Seattle, Wash. 


Worcester Poly. Inst... ..Mar. 25, '04 | W. C. Blanchard. | Harry B. Lindsay, 
Worcester Poly. Inst., Worcester, Mass. 


Yale University. ........ Oct. 03, 10 | R. G. Warner. K. B. Jones, 
70 Trumbull St., 
New Haven, Conn. 


Total, 48. 


| SECTION Il 


PROCEEDINGS 


of the 


American [nstitute | 


of 


Electrical Engineers 


Papers, Discussions and Reports 


CONTENTS OF SECTION II 


PAPERS TO BE PRESENTED AT PITTSBURGH, PA., APRIL 9-10, 1914 
The Development of the Electric Mine Locemotive. By G. M. Eaton - - - 
Mine Duty Controllers. By Harrison P. Reed - - - - - - - 
Mine Substations. I—Their Construction and Operation. Ву Н. Booker - - 
Mine Substations. II—Motor-Generator Sets vs. Synchronous Converters. By 

Will M. Hoen - - - - - - - - - - - - 
Self-Contained Portable Electric Mine Lamps. Ву H. O. Swoboda - - - 


PAPERS TO BE PRESENTED AT WASHINGTON, D. C., APRIL 24-25, 1914 
Theory of the Corona. By Bergen Davis - - š 5 à ы - A 


Some Simple Examples of Transmission Line Surges. By W. S. Franklin - - 
Some Investigations on Lightning Protection for Buildings. By L. A.DeBlois - - 
Solenoids. By Charles R. Underhill - - - - - - = "i ^ 
A Milliampere Current Transformer. By Edward Bennett - - - - - 


Discussion on “ Dynamo Electric Lighting for Motor Cars” (Waller), “ Advantages 
of Clutch Type Generator and Separate Starting and Lighting Units for Motor 
Cars" (Churchward), and “ Electrical Equipment of Gasoline Automobiles ” 
(Conrad), New York, November 14, 1913 - - - - - x = 
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Annual Meeting of the Insti- 
tute in New York, May 19,1914 


The 295th meeting of the American 
Institute of Electrical Engineers will 
be held in the auditorium of the En- 
gineering Societies Building, 33 West 
39th Street, New York, on Tuesday, 
Мау 19, 1914, at 8:15 p.m. This is the 
regular annual business meeting of the 
Institute, at which the Board of Direc- 
tors will present its report for the 
fiscal year ending April 30, 1914, in- 
cluding a detailed statement of the 
financial status of the Institute, and a 
summary of the work accomplished by 
the standing and special committees 
during the year. The Committee of 
Tellers will present its report on the 
result of the election of officers for the 
coming administrative year. 

Following the business meeting a 
technical session will be held, the pro- 
gram for which was arranged by the 
Committee on the Use of Electricity in 
Marine Work. . Two papers will be 
presented: The Future of Electric Heat- 
ing and Cooking in Marine Service, by 
H. J. Mauger, and Electricity the Future 
Power for Steering Vessels, by H. L. 
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Hibbard. These are printed in this 
issue of the PROCEEDINGS. 

At the close of the technical session 
the meeting will adjourn to the Institute 
rooms on the 10th floor, where a smoker 
wil be held and light refreshments 
served. 


Institute Meeting in Pittsfield, 
Mass., May 28-29, 1914 


The 296th meeting of the Institute 
will be held in Pittsfield, Mass., May 
28-29, 1914, under the auspices of the 
Pittsfield Section. The general sub- 
ject for discussion is to be ‘ Relative 
Advantages of Y and Delta Connec- 
tions. ” 

The A. I. E. E. headquarters for the 
mecting will be at the Maplewood Hotel, 
and the technical sessions will be held 
in the convention hall. Members and 
guests should register at Institute head- 
quarters promptly upon their arrival. 

No special transportation rates have 
been obtained for this meeting. Mem- 
bers should consult their local ticket 
agents regarding routes and rates. 

The following program has been ar- 
ranged: 


THURSDAY MORNING, May 28 
9:00 A.M. 
Registration 
AFTERNOON SESSION 
2:00 P.M. 

Opening address. 

1. Experiences with Line Transformers, 
by D. W. Roper. 

2. Experience of the Pacific Gas and 
Electric Company with the Grounded 
Neutral, by J. P. Jollyman, P. М. 
Downing and F. G. Baum. 


THURSDAY EVENING 
8:00 P.M. 

The Berkshire County University 
Club will hold its annual dinner at the 
Maplewood Hotel. All members of 
the American Institute of Electrical En- 
gineers are invited to attend. Tickets 
($2.00 per plate) should be obtained 
promptly upon arrival at Institute 
headquarters. 
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FRIDAY MoRNING, May 29 
9:00 A. M. 

3. Influence of Transformer Connec- 
tions on Operation, by Louis F.Blume. 
4. A Study of Some Three-Phase Sys- 

tems, by Charles Fortescue. 

FRIDAY AFTERNOON 
The afternoon will be devoted to 
entertainment. Arrangements are be- 
ing made for events in golf, boating, 
tennis, motoring and other sports, 
through the courtesy of the Pittsfield 
Country Club and Pittsfield Boat Club. 


EVENING SESSION 
8:00 P.M. 
Harmonic Voltages and Currents in 
Y and Delta-Connected Transformers, 
by R. C. Clinker. 
6. Relative Merits of Y and Delta Con- 
nection for Alternators, by T. S. Eden. 

Written discussions by Mr. Guido 
Semenza of the Edison Company of 
Milan, and by Mr. Ferdinand Kos- 
cherak of the Thomson-Houston Com- 
pany of Paris, will be read. 

The entire program will be summar- 
ized and discussed at the close of the 
meeting by Mr. Percy H. Thomas. 

NOTE: The six numbered papers of 
the above program are published in 
this issue of the PROCEEDINGS. 


сл 


HorELS AND RATES 
Each member should arrange for his 
own hotel accommodations. Corres- 
pondence regarding reservations should 
in all cases be directed to the hotel 
management. 


I Rates! 


Plan per day 


Proprietor 


— | ---- 


Maplewood| А. W. Plumb | American | $4.00 


American Plumb & Clark | Am. and 3.00 
House Eur. and 
1.50 


Wendell ú | John W. Downes European) 1.50 


Annual Convention, Detroit, 
Mich., June 28-26, 1914 


The work of preparation. for the 
Annual Convention of the А. I. E. E., 
tobeheld at the Hotel Cadillac, Detroit, 
Michigan, June 23-26, 1914, is rapidly 
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nearing completion by the Convention 
Committee, of which Mr. Farley Osgood 
is chairman, and the Meetings and 
Papers Committee of the Institute. 
The complete program will be published 
in the June PROCEEDINGS. The order 
of events will be as follows: 
TUESDAY, JUNE 23 
President’s Address. 
Technical Session. 
Section Delegates’ Lunch- 
eon. 
Automobile Trip. 
' Technical Session. 


10:00 a.m. 
10:45 a.m. 
12:30 p.m. 


2:30 p.m. 

8:15 p.m. 

WEDNESDAY, JUNE 21 

Technical Session. 

Section Delegates’ Lunch- 
eon. 

Technical Session. 

Presentation of Edison 

Medal and Past Presi- 

dents' Badges. 

Dancing. 


10:00 a.m. 
12:30 p.m. 


2:30 p.m. 
8:15 p.m. 


9:30 p.m. 
THURSDAY, JUNE 25 
Technical Session. 
Section Delegates! Lunch- 
eon. 
Boating, Golf, 
Baseball, etc. 
Boat Ride. 
FRIDAY, JUNE 26 
Board of Directors’ Meet- 
ing. 
Technical Session. 
Conference of Officers and 
Section Delegates. 


10:00 a.m. 
12:30 p.m. 
2:30 p.m. Tennis, 


8:15 p.m. 


9:00 a.m. 


10:00 a.m. 
2:30 p.m. 


Second Institute Lecture on 
Electromagnetic Theory, by 


Dr. M.I.Pupin, May 6,1914 


The second of the series of two lec- 
tures by Dr. Michael I. Pupin, professor 
of electromechanics in Columbia Univer- 
sity, on “ The Relation of the Electro- 
magnetic. Theory to the Science of 
Electrical Engineering of the Present 
Day," will be given in the auditorium 
of the Engineering Societies Building, 
New York, on Wednesday evening, 
May 6, 1914. The first lecture was 
given on April 29. 
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There has been a considerable mis- 
understanding of the relation of the 
work of Clerk Maxwell and the electro- 
magnetic theory to the science and 
practise of elecrical engineering of the 
present day, and Dr. Pupin has planned 
to show in these lectures how far the 
electrical science could have developed 
without Maxwell's work and along what 
lines there would have been no develop- 
ment without this work. 

The recent advances in electrical 
engineering, including radiotelegraphy 
and radioactivity, he finds are much 
more dependent upon Maxwell's work 
than that type of engineering which may 
be called heavy-current engineering. 
It is curious that a great many engineers 
are daily making use of fundamental 
principles in electrical engineering. 
believing firmly that they are practising 
the electromagnetic theory of Maxwell, 
when they are not. The lectures are 
intended to bring out the points of 
contact between Maxwell's electromag- 
netic theory and the ordinary or less 
broad electromagnetic theory which 
Serves as the foundation of electrical 
engineering today. 

The lectures are given under thc 
auspices of the Institute's Committee 
on Technical Lectures, and are open 
to the general engineering public. 


Pacific Coast Convention, 
SpoKane, September, 1914 


—— —ÓÁÀ 


The 1914 Pacific Coast Convention 
will be held in Spokane, Wash., in 
September, the exact dates to be an- 
nounced later. President Mailloux has 
appointed the following Convention 
Committee: 

D. L. Huntington, chairman, 

John B. Fisken, vice-chairman, 

H.B. Peirce, secretary, all of Spokane. 

C. S. MacCalla, Spokane. 

H. A. Shearer, Spokane. 

J. W. Hungate, Spokane. 

S. E. Gates, Spokane. 

E. R. Northmore, Los Angeles, Cal. 

C. G. Pyle, Los Angeles, Cal. 

G. R. Murphy, San Francisco, Cal. 


A. H. Halloran, San Francisco, Cal. 

G. P. Nock, Portland, Ore. 

R. F. Monges, Portland, Ore. 

S. C. Lindsay, Seattle, Wash. 

A. A. Miller, Seattle, Wash. 

E. M. Breed, Vancouver, B. C. 

F. D. Nims, Vancouver, B. C. 

Max Hebgen, Butte, Mont. 

This committee is already actively at 
work through various sub-committees, 
including the Committee on Papers, of 
which Mr. John B. Fisken, chairman 
of the Spokane Section, is chairman. 

The Northwest Electric Light and 
Power Association will hold its conven- 
tion in Spokane at the same time, and 
the respective committees will coóperate 
and wil probably arrange for one or 
more joint sessions. 

Committees on Finance, Transporta- 
tion, and Entertainment, composed of 
members of the Spokane Section. have 
been appointed, and will coóperate 
with similar committees from the N. W. 
E. L. & P. A. Additional information 
regarding plans and program will be 
printed in later issues of the PROCEED- 
INGS. 


Revised Standardization Rules 


The revision of the Standardization 
Rules, on which the Standards Com- 
mittee has been working for more than 
two years, is nearing completion, and 
it is expected that the preliminary draft 
will be in print by May 10. Owing to 
the very considerable expense of send- 
ing copies of this draft to the entire 
Institute membership, the Standards 
Committee has voted to have copies 
sent on request to those who are willing 
to give the proposed rules their im- 
mediate attention and to send in sug- 
gestions or criticisms. Applications 
may be sent to F. L. Hutchinson, Sec- 
retary, А. I. E. E., 33 West 39th Street, 
New York. 

À number of copies will be sent to the 
secretaries of the San Francisco and: 
Chicago Sections in order to save time 
in correspondence. Members residing 
in these districts may make direct ap- 
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plication to these secretaries, as follows: 
Mr. À. G. Jones, Secretary, San Fran- 
cisco Section, 819 Rialto Building, San 
Francisco, Cal.; Mr. E. W. Allen, Sec- 
retary, Chicago Section, 1028 Monad- 
nock Building, Chicago, Ill. 

Owing to the very short time remain- 
ing before the presentation of the re- 
vised rules to the Board of Directors at 
the June Convention, suggestions to be 
considered must be received by the 
undersigned not later than June 10. 

When the rules are finally approved 
they will be printed, іп the PROCEED- 
INGS or otherwise, and distributed to 
the entire membership of the Institute. 

C. A. ADAMS, 


Secretary, Standards Committee, 


Address: Harvard University, 
Cambridge, Mass. 


Pittsburgh Meeting of the 
A. 1. E. E., April 92410, 1914 


The 293d meeting of the Institute was 
held in Pittsburgh, Pa., at the Fort 


Pitt Hotel, on April 9 and 10, 1914,. 


under the auspices of the Committee on 
the Use of Electricity in Mines and the 
Pittsburgh Section. This is the sec- 
ond year that such a meeting has been 
held in Pittsburgh in April, devoted to 
the subject of electricity in mines. 

The first session was opened on 
Thursday morning, April 9, with a 
short address by Mr. Wilfred Sykes, 
chairman of the Committee on Use of 
Electricity in Mines, on “ The Regula- 
tion of Electrical Installations in 
Mines," The papers were presented in 
accordance with the program published 
in the April PROCEEDINGS. Reports of 
the discussions on these papers will ap- 
pear in future issues of the PROCEEDINGS. 

On Thursday afternoon, following the 
presentation and discussion of Mr. H. 
O. Swoboda’s paper on portable electric 
lamps, there was a discussion on regula- 
tions governing clectrical installations 
in mines, bascd on the German, English, 
and Pennsylvania laws, the rules pro- 
posed by the Bureau of Standards, 
Washington, D.C., and the rules pro- 
posed by the American. Mining. Con- 


gress. Allof these rules and regulations 
had been reprinted by the Institute and 
distributed at the meeting. Among 
those who took part in the discussion 
at this time and on the next afternoon 
were Messrs. Clark, C. W. Beers, E. M. 
Hewlett, J. P. Clayton, C. M. Means, 
J. S. O'Donovan, Thomas, А. S. 
Biesecker, A. M. Dudley, Newton, 
A. F. Nesbitt, C. G. Braehm and 
Graham Bright. 

On Thursday evening there was an 
informal Dutch dinner at the Fort Pitt 
Hotel. Professor C. F. Scott, past 
president of the Institute, spoke on the 
growth of the electrical industry. 

The presentation and discussion of 
prepared papers was concluded with 
the session on Friday morning, and the 
discussion on laws and rules governing 
electrical installations іп mines was 
finished in the afternoon. This ended 
the regular sessions of the meeting. 

Saturday, April 11, was devoted to 
visits of inspection by the members and 
guests to various industrial plants in 
the vicinity of Pittsburgh. 


Convention of Michigan $ес» 
tion, N.E.L.A., June17-«20, 1914 


The convention of the Michigan Sec- 
tion. of the National Electric Light 
Association, June 17-20, 1914, will 
cover the following itinerary: 

Leave Detroit, June 17, 5:00 p.m., 
D. and B. steamer. 

Arrive Buffalo, June 18, 9:00 a.m. 

Arrive Niagara Falls, June 18, 10:30 
a.m., Electric Railway. 

Leave Niagara Falls, Junc 18, 3:30 
p.m., Gorge Route Railway. 

Leave Youngstown, June 18, 6:00 
p.m., steamer Сиу of Rochester. 

Pass through the Thousand Islands, 
commencing 6:00 a.m., June 19, ar- 
riving at Ogdensburg 10:00 a.m. 

Leave Ogdensburg, June 19, at noon. 
steamer City of Rochester. 

Arrive Toronto, June 20, 8:00 a.m. 

Leave Toronto, June 20, 8:30 a.m., 
special train, C. P. Ry. 

Arrive Detroit, June 20, 3:30. p.m. 


> — = 


= 
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As this cruise ends in Detroit shortly 
before the opening of the А. I. E. E. 
Convention on June 23, the officers 
of the Michigan Section N. E. L. A. have 
invited any members of the Institute 
who may wish to do so, to participate in 
the trip. The price of tickets from De- 
troit to Ogdensburg, Toronto, and re- 
turn, will be $30 per person, which will 
cover all traveling expenses except 
meals on board Detroit and Buffalo 
steamer, at Niagara Falls, and on train 
from Toronto to Detroit. The Michi- 
gan Section of the N. E. L. A. will pro- 
rate the fare for any part of the trip 
to members of the Institute. The fare 
from Youngstown to Ogdensburg, to 
Toronto, to Detroit, will be $22; and 
from Ogdensburg to Toronto, to De- 
troit, the fare will be $15. 

All those who intend to take this trip 
should write to Mr. Herbert Silvester, 
secretary of the Michigan Section N. 
E. L. A., 18 Washington Boulevard, De- 
troit, Mich. 


Directors’ Meeting, New York, 
April 7, 1914 


The regular monthly meeting of the 
Board of Directors was held in New 
York on Tuesday, April 7, 1914. 

There were present: President C. O. 
Mailloux, New York; Past-President 
Ralph D. Mershon, New York; Vice- 
Presidents A.W. Berresford, Milwaukee, 
Wis., S. D. Sprong and H. H. Barnes, 
Jr., New York; Managers N. W. Storer, 
Pittsburgh, Pa., Farley Osgood, New- 
ark, N. J., C. A. Adams, Cambridge, 
Mass., J. Franklin Stevens, Philadel- 
phia, Pa., William McClellan, New York, 
L. T. Robinson, Schenectady, N. Y.; 
Treasurer George A. Hamilton, Eliza- 
beth, N. J.; and Secretary F. L. Hut- 
chinson, New York. 

The action of the Finance Committee 
in approving monthly bills amounting 
to $10,312.16 was ratified. 

Upon the recommendation of the 
Board of Examiners, the Board of Direc- 
tors transferred one member of the 
Institute to the grade of Fellow and two 
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to the grade of Member, clected five 
applicants as Members and 57 as Associ- 
ates, and ordered the enrolment of 35 
students, in accordance with the lists 
printed in this issue of the PROCEED- 
INGS, 

A considerable amount of other busi- 
ness was transacted by the Board, ref- 
erence to which will be found under 
proper headings in this and future issues 
of the PROCEEDINGS. 


Recommended for Transfer, 
March 81, 1914 


The Board of Examiners, at its 
regular monthly mecting on March 31, 
1914, recommended the following mem- 
bers of the Institute for transfer to the 
grades of membership indicated. Any 
objection to these transfers should be 
filed at once with the Secretary. 


To THE GRADE OF FELLOW 
Roper, D. W., Assistant to Chief En- 
gineer, Commonwealth Edison Co., 
Chicago, Ill. 


To THE GRADE OF MEMBER . 

EWING, DRESSEL D., Asst. Prof. Elec- 
trical Engineering, Purdue Univer- 
sity, LaFayette, Ind. 

LANIER, ALEXANDER C., Designing 
Electrical Engineer, Westinghouse 
Electric & Mfg. Co., Pittsburgh, Pa. 

LIGHTFOOT, Ермім N., Engineer, Cut- 
ler-Hammer Mfg. Co., New York, 

. N.Y. 

WENNER, FRANK, Associate Physicist, 
Bureau of Standards, Washington, 
D. C. 

WHIPPLE, Cyrus A., General Super- 
intendent, Municipal Light & Water 
System, Eugene, Ore. 


Transferred to the Grade of 
Fellow April 7, 1914 


The following Member was trans- 
ferred to the grade of Fellow of the In- 
stitute at the meeting of the Board of 
Directors on April 7, 1914. 

PENDER, HAROLD, of. Elec- 
trical Engineering, Massachusetts In- 
stitute of Technology, Boston, Mass. 


Professor 
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Transferred to the Grade of 
Member April 7, 1914 | 


The following Associates were trans- 
ferred to the grade of Member of the 
Institute at the meeting of the Board 
of Directors on April 7, 1914. 


BOLTON, FRANK C., Professor of Elec- 
trical Engincering, A. & M. College 
of Texas, College Station, Texas. 

WINETRAUB, ADOLPH I. M., Resident 
Engincer, General Electric Co., Ha- 
vana, Cuba. 


Members Elected April 7, 1914 


BRAGA, EDUARDO DE A., Commissioned 
by the Brazilian Government, Rio 
de Janeiro, Brazil; res., 1335-15th 
St. N. W., Washington, D. C. 

CLENDENIN, J. C., Assistant Engineer, 
General Electric Co.; res., 86 Ocean 
St., East Lynn, Mass. 

Hoop, SAMUEL BINGHAM, Supcrinten- 
dent of Distribution, Toronto Elec- 
tric Light Co. Ltd.; res., 229 Have- 
lock St., Toronto, Ontario. 

SHAW, THOMAS, Engineer, Amertcan 
Telephone & Telegraph Co., 15 Dey 
St., New York, N. Y. 

WALLACE, JOHN NarIER, Electrical 
Engineer, Bell Telephone Mfg. Co., 
Antwerp, Belgium. 

Total 5 


Associates Elected April 7, 1914 


ALBRECHT, AvcGusT H., Engineering 
Dept., Wagner Electric Mfg. Co., 
6400 Plymouth Avc., St. Louis, Mo. 


ANDREW, WILLIAM M., Engineering 
Salesman, Canadian Westinghouse 


Co. Ltd., Traders Bank Bldg., To- 
ronto, Canada. 

APPLEGATE, KENNETH POMEROY, Engi- 
neering Dept., Hartford Electric Light 
Со.; res., 54 Main St., Hartford, Conn. 

ARTHUR, M. WILSON, Salesman, Rail- 
way and Lighting Dept., Westing- 
house Electric & Mfg. Co., 1107 
Traction Bldg., Cincinnati, Ohio. 

BaAcrkgv, Roy C, Chief Electrician, 
Hansell Elcock Co.; res., 3549 In- 
diana Ave., Chicago, Ill. 
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BALL, WILLIAM J., Secretary, Tri-City 
Electric Co., 1529-1531 Third Ave., 
Moline, IH. 

BARNARD, JOHN A., Central Station 
Work, Philadelphia Electric Co.; 
res., 770 S. Broad St., Philadelphia, 
Pa. 

BERRY, ROBERT MARTIN, Electrical 
Engineer, Bedford City, Va. 

Bunn, Davin Martin, Construction 
Superintendent, Appalachian Power 
Co., Blucficld, W. Va. 

CLARK, WALTER C., Supt. Light & 
Water Systems, Bunker Till & Sulli- 
van M. & C. Co., Kellogg, Idaho. 

CORNELL, GEORGE B., JR. Superin- 
tendent, Yonkers Electric Light & 
Power Co.; res., 796 Palisade Ave., 
Yonkers, N. Y. 

Cory, FRED С. Power Specialist, 
Toledo Railwavs & Light Co.; res., 
Y. M. C. A., Toledo, Ohio. 

CRAMPTON, Faust F., Patent Attorney, 
Owen, Owen & Crampton, Nicholas 
Bldg., Toledo, Ohio. 

Davies, W. P., Construction Foreman, 
General Electric Co.;res., 1417 Albany 
St., Schenectady, N. Y. 

DEEL, GEORGE R., Wireman, Isthmian 
Canal Commission, Corozal, C. Z. 
DUNN, HARRY A., Superintendent of 
Power, Mexican Light & Power Co. 

Ltd., Necaxa, Puebla, Mexico. 

Force, Henry H., Chief Electrician, 
Stanley Works; res., 60 Vine St., 
New Britain, Conn. 

FRANCIS, LEsLIE L., Electrical Engi- 
neer, Union Traction Co., Indepen- 
dence, Kan. 

FURLONG, WILLIAM Rea, Lieutenant, 
United States Navy, Navy Depart- 
ment, Washington, D. C. 

GILL, Murray F., Estimator and 
Material Clerk, Texas Power & Light 
Co., Dallas, Texas. 


GILLETT, OMAR Cr, Construction Fore- 


man, Engineering Dept., General 
Electric Co., 30 Church St., New 


York, N. Y. 

GOLDMAN, OTTO B., Contracting En- 
gineer, 303-4 Lewis Bldg.; res., 217 
Grant St., Portland, Ore. 
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GRAHAM, FRANK A., Engineer, Elec- 
trical Engineering Dept., Kansas 
City Electric Light Co., 1500 Grand 
Ave., Kansas City, Mo. 

GRAY, HERBERT JOHN, Sales Agent, 
Canadian General Electric Co. Ltd., 
1065 Pender St. W., Vancouver, B. C. 

HAMILTON, JAMES T., Electrical Dept., 
N. Y. N. H. & H. R. R. Co,, 1723 
Matthews Ave., Van Nest, N. Y.; 
res., Howard, R. I. 

HARRINGTON, Louis J., Electrical Drafts- 
man, Pullman Co. Pullman Car 
Works.; res., 537 E. 112th St., Chi- 
cago, Ill. 

HoBsoN, ARTHUR J., Foreman Elec- 
trical Construction, Isthmian Canal 
Commission, Gatun, C. Z. 

HUMMEL, PHILIP BIRCHFIELD, Instru- 
ment Man and Tester, Long Island 
R. R. Co., Jamaica; res., Hollis 
Court Blvd., Queens, L. I., N. Y. 

Lapp, JOHN S., Secretary, Locke In- 
sulator Mfg. Co., Victor, N. Y. 

Lewis, Roy HowaRD, Chief of Opera- 
ting Dept., Cuyuna Range Power Co., 
Brainerd; res., Sylvan, Minn. 

MACINTOSH, JOHN M., Assistant in 
charge Electric Repair Shops, Rio 
Janeiro Tramway, Light & Power Co. 
Rio de Janeiro, Brazil. 

MERRIMAN, Horace O., First Assist- 
ant Engineer, Hamilton Hydro-Elec- 
tric Department, City Hall, Hamil- 
ton, Ont. 

MEYER, ARTHUR A., Assistant Elec- 
trical Engineer, Edison Illuminating 
Co.; res., 474 Sylvester Ave., De- 
troit, Mich. 

MYRICK, JESSE CLARENCE, Foreman, 
Isthmian Canal Commission, Balboa, 
Canal Zone. 


NorTON, Keller E., Member of firm, 
Cox-Norton & Co., Coldwater, Mich. 


OLSEN, BERNHARD, Motor Agent, Gen- 
eral Electric Co., 402 Paulsen Bldg.; 
res., 214 W. 8th Ave., Spokane, 
Wash. 

O'NEILL, CHARLES F., Sales Engineer, 
Westinghouse Electric & Mfg, Co., 
New York; res., 1 Kenilworth Place. 
Orange. N. J. 


PAGET, JOSEPH HAROLD, Meter Engi- 
neer, British Columbia Electric R. 
R., Vancouver, B. C. 

PALMBLADE, RAYMOND F., Engineer, 
Peoria Railway Co., 634 S. Adams 
St.; res., 1331 Hamilton Blvd., 
Peoria, Ill. 

PATTERSON, JAMES GEORGE, Assistant 
Engineer, New England Telephone 
& Telegraph Co., 50 Oliver St., 
Boston, Mass. 

PERRY, WILLIAM JOHN, Electrical Wire- 
man, Isthmian Canal Commission, 
Corozal, C. Z.; res., Brookings, S. D. 

PLACE, ALFRED G., Assistant Chief 
Electrician, Youngstown Sheet & 
Tube Со.; res, 517 Yale Ave., 
Youngstown, Ohio. 

POWELL, WINFRED T., Telephone Engi- 
neer, Automatic Electric Co., Chi- 
cago, Ill. 

RAMM, THEODORE D., Asst. to Elec- 
trical Engineer, St. Paul Gas Light 
Co., St. Paul. | 

RicE, LEvERETT E., Electrical Engi- 
neer, Scranton Electric Co. 

RussELL, FosTER, Commercial Engi- 
neer, Washington Water Power Co.; 
res., 2702 E. 8th Ave. Spokane, 
Wash. 

Scott, HucH C., Chief Electrician, 
Hampton Co; res., 17 Summer St.. 
Easthampton, Mass. 

SIMMONS, WILLIAM B., Engineering 
Dept., American Transformer Co. 

Stacy, WILLIAM K., Assistant to Elec- 
trical Engineer, Washington Water 
Power Co.; res., 1507 S. Cedar St., 
Spokane, Wash. 

STEGMAIER, CHARLES H., Salesman, 
Central Union Telephone Co., 235 S. 
Meridian St., Indianapolis, Ind. 

SUMMERS, ORRAN BERTRAM, Construc- 
tion Dept., Alabama Power Co., 
Lincoln. 

THOMPSON, RALPH E., Superintendent, 
Gillette Safety Razor Co., Boston; 
res., 35 Winthrop Road, Brookline, 
Mass. 

TuoMPsoN, R. M., Engineering Dept., 
Hydro-Electric Power Commission, 
709 Continental Life Bldg., Toronto, 
Ontario. 
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UGGLA, WILHELM ROBERTS, Computor, 
Svenska Turbinfabriks Akticbolaget 
Ljungstrom, Finspong, Sweden. 


WEBBER, EpwiN Morey, Sales Engi- 
neer, Wagner Electric Mfg. Co.; 
1624 Marquette Bldg.; res., 5608 


Michigan Ave., Chicago, Ill. 
WORTHINGTON, EDWARD H., Sales En- 
ріпсет, The Destructor Company, 
Peoples Gas Bldg., Chicago. 
WyckKoFF, HOMER J., Cable Tester on 
Underground Transmission, Edison 
Illuminating Co.; res., 931 Y. M. 
C. A., Detroit, Mich. 
Total 57 


Applications for Election 


Applications have been received by 
the Secretary from the following candi- 
dates for election to membership in the 
Institute. Unless otherwise indicated 
the applicant has applied for admission 
as an Associate. If the applicant has 
apphed for direct admission to a higher 
grade than Associate, the grade follows 
immediately after the name. Any 
member objecting to the clection of any 
of these candidates should so inform 
the Secretary before May 30, 1914. 


Adams, O. F., Toronto, Ont. 
Andrews, S. W., Portland, Ore. 
Benzing, H. J., Philadelphia, Pa. 
Blymyer, L. W., San Francisco, Cal. 
Boyd, A. P., E. Pittsburgh, Pa. 
Brandes, W. P. Magnolia, W. Va. 
Broili, F. (Member),Virginia City, Nev. 
Brown, E. W., Pittsburgh, Pa. 

Brug, F. A., Clevcland, Ohio. 
Carron, H. G., Detroit, Mich. 
Charley, R. M., E. Pittsburgh, Pa. 
Cooley, E. H., Washington, D. C. 
Crothers, H. M., Madison, Wis. 
Davidson, W. F., Ann Arbor, Mich. 
Dawson, W. E., Portland, Ore. 

de Boeck, F., Calgary, Alta. 

de Laval, C. G. H., Lvnn, Mass. 
Dinion, N., New Haven, Conn. 
Dodge, H. P. (Member), Toledo, Ohio. 
Eckley, б. M., Pittsburgh, Pa. 
Eddington, A., Chelmsford, England, 
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Enloe, E., Spokane, Wash. 

Ferrier, T., Toronto, Ontario. 
Flanders, M. M., Washington, D. C. 
Framji, К.С. (Member),Calcutta, India. 
Grimsdick, E. P., Calcutta, India 
Harrington, C. O., Pittsburgh, Pa. 
Hegerty, P. F., Pittsburgh, Pa. 
Hendrickson, G. F., Colo. Springs, Colo. 
Holsey, T. E., Spokane, Wash. 
Ilslev, L. C., Pittsburgh, Pa. 
Jefferies, E. S., Hamilton, Ont. 
Johnson, C. W., Detroit, Mich. 
Johnson, O. H., St. Paul, Minn. 
Kallevang, E. J., De Kalb, Ill. 

Kerscy, G. B., Chicago, Ill. 

Lidbury, F. A., Niagara Falls, N. Y. 
Mallory, E. B. (Member), New York, N. Y 
Malott, C. G., La Fayette, Ind. 
Marshall, A. C., Detroit, Mich. 
Marshick, O. J., Detroit, Mich. 
McClure, L. H., Hartford, Conn. 
McCoy, T. E., Corozal, C. Z. 

Melvin, C. E., New York, N. Y. 
Miller, C. A., Tiffin, Ohio. 

Morrisscy, J. P., New York, N. Y. 
Nyman, H. E., Detroit, Mich. 

Qutzen, A. N., Madison, Wis. 

Paine, R. M., Vancouver, B. C. 
Payne, T. H., Swcetwater, Texas. 
Pernot, F. E., Berkeley, Cal. 

Peters, J. F. (Member), E.Pittsburgh, Pa. 
Rice, C. W., Schenectady, N. Y. 
Rocber. E.F., (Member), New York, N.Y. 
Rohr, C. A., New York, N. Y. 
Schwarz, F. J., Schenectady, N. Y. 
Scovel, H. W., Chicago, Ill. 

Selleck, R. R., Cleveland, Ohio. 


Shannon, J. F. (Member), Los Angeles, 
Cal. 


Sharp, J. M., Takoma Park, D. C. 
Spruance, F. D., Corozal, C. Z. 
Tecle, F. W. (Member), San Juan, P. R. 
Thau, W. E., E. Pittsburgh, Pa. 
Webster, S. T., St. Louis, Mo. | 
Westervelt, H. P., New York, N. Y. 
Wilber, S. B., Worcester, Mass. 
Willis, A. H., Erie, Pa. 
Woodruff, C.H. (Member), Detroit, Mich. 
Work, L.. Pedro Miguel, C. Z. 

Total 69 
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Students Enrolled April 7, 1914 


6477 Fuller, W. D., Penna. St. College. 
6478 Lawrence, G.W.,Univ. of Toronto. 
6479 Mackenzie, A.M.,Univ. ofToronto. 
6480 Richey, J. W., Penna. St. College 
6481 DuMond, J.W.M., Throop Coll. 
Tech. 
6482 Taylor, A.R., Univ. of Wisconsin. 
6483 Jerry. A.E., Ohio Northern Univ. 
6484 Allington, J. B., Cornell Univ. 
6485 Scott, W. R., Cornell University. 
6486 Wells, A. W., Throop Coll. Tech. 
6487 Wright, A.W., Univ. of Virginia. 
6488 Tallmadge, E. S., Univ. of Minn. 
6489 Sweet, L. L., Syracuse University. 
6490 Wilson,H.F.,Rensselaer Poly.Inst. 
6191 Curley,J.S., Rensselaer Poly. Inst. 
6492 Gibson, T. A., Georgia Sch. Tech. 
6493 Strecker, G. M.. Colo. A. &M.Coll. 
6494 Himmelsbach, J. R.,Univ.of Wash. 
6495 Dudley, A., Iowa State College. 
6496 Ingram, J., Jr., Lewis Institute. 
6497 Yerington, R. A., Univ. of Mich. 
6498 Siegfried, E. W.. Jr., Univ.of Pitts. 
6199 Smith, W. H., N.C.A. & M. Coll. 
6500 Hickman, G., Univ. of Pittsburgh. 
6501 Gill, E. I., Univ. of Toronto. 
6502 Fairbanks, F. B., Harvard Univ. 
6503 Steinbeck, E. H., Univ. of Calif. 
6504 Peart, J. D., Univ. of Toronto. 
6505 Shultz, A. D., Penn. State Coll. 
6506 Stillingsworth, D. J., Highland 
Park College. 

6507 Becker, J. J., Mo. State Univ. 
6508 Cole, H. L., Worcester Poly.Inst. 
6509 Carpenter, G.W., Iowa State Univ. 
6510 Cockrell, F. W., Univ. of Ill. 
6511 Bartling, H. W., Univ. of Ill. 


Joint Engineering Dinner in 
Boston, March 4,1914 


The fifth joint engineering dinner in 
Boston. was held March 4, at the City 
Club, under the auspices of the Boston 
Section of the American Institute of 
Electrical Engineers, with an attendance 
of about 230. Mr. N. J. Neall, chair- 
man of the Boston Section, presided. 

The speakers of the evening were Mr. 
Guy E. Tripp of the Westinghouse Elec- 
tric and Manufacturing Company, who 
spoke on " The National Government 
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and Business "; Dr. A. E. Kennelly of 
Harvard University, who spoke on 
" Results for the Engineering Fra- 
ternity Accomplished by the Inter- 
national Electrotechnical Commission"; 
and Dr. M. W. Franklin of the Sprague 
Electric Works, who spoke on “ The 
Engineer’s Position іп our Present 
Civilization ". President C. O. Май- 
loux of the American Institute of Elec- 
trical Engineers and President James 
Hartness of the American Society of 
Mechanical Engineers were present 
and brought officially the greetings of 
these national societies. Among the 
guests were President Charles O. Bond 
of the Illuminating Engineering Society 
and Mr. Calvin W. Rice, secretary of 
the American Society of Mechanical 
Engineers. Professor Harry E. Clif- 
ford of Harvard University was toast- 
master. 

These dinners have become a dis- 
tinct feature of engineering activities 
in Boston and are conducted in rotation 
by the Boston Sections of the American 
Institute of Electrical Engineers, the 
American Society of Mechanical En- 
gineers and the Boston Society of Civil 
Engineers, whileinvitationsare extended 
to all engineers in Boston and vicinity. 


Past Section Meetings 


BALTIMORE 

The February meeting of the Balti- 
more Section was held in the physical 
laboratory of the Johns Hopkins Univer- 
sity, on Friday evening, February 20. 
Mr. L. E. Barringer, who was to present 
a paper on ‘“ Insulating Materials,” 
was unable to do so on account of ill- 
ness. 

Professor J. B. Whitehead gave a 
talk on the new nitrogen-filled tungsten 
lamps. A demonstration was given 
with two bulbs. 

The attendance was 18. 


BosTON 
The regular monthly meeting of the 
Boston Section was held at the Engi- 
neers’ Clubon March 19. А paper on 
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"Protective Relays and their Relation 
to Continuity of Service ” was presented 
by Mr. George A. Burnham, chief 
engineer of the Condit Electrical 
Engineering Company. 

The meeting was attended by 50 
members and visitors. Chairman N. 
J. Neall presided. 


CHICAGO 
A joint meeting of the Electrical 
Section of the Western Society of En- 
gineers and the Chicago Section A. I. E. 
E. was held Monday evening, Feb- 
ruary 23, with about 60 members and 


guests in attendance. Mr. C. H. Hill 
of the General Electric Company, 
Schenectady, N. Y., presented with 


lantern slide illustrations a description 
of “Тһе Switchboards for the Control 
of the Panama Locks." "This was 
followed by a motion picture showing 
the operation of the switchboard. 


The next joint meeting of the two 
societies was held Thursday evening, 
March 26, with about 100 members and 
guests in attendance. Mr. B. H. 
Glover, of the Underwriters Labora- 
tories, read a paper on the duties and 
services of the laboratory, particularly 
as relating to electrical inspection. 


CLEVELAND 

The regular meeting of the Cleveland 
Section. was held in the Electricity 
Building at the Case School of Applied 
Science, on March 23, Mr. E. J. 
Edwards presiding. There were 48 
members and visitors present. 

Mr. L. P. Crecelius, of the Cleveland 
Railway Company, presented a paper 
entitled Sixty-Cycle Synchronous Con- 
verters, This was printed in the March, 
1914, PROCEEDINGS. After the paper 
an interesting discussion took place, in 
which Messrs. Schuler, Burnham, Wal- 
lau, Yardley, Lewis, and Bale partici- 
pated. 


DETROIT-ANN ARBOR 
The Detroit-Ann Arbor Sectjon held 
a meeting on March 13, in the New En- 


PROCEEDINGS ОЕ A. I. E. E. 


[May 


gineering Building, University of Mich- 
igan, Ann Arbor. Professor A. R. 
Sawyer, the chairman, presided, and 52 
members and visitors attended. 

After the executive business had been 
transacted, the chairman introduced 
Professor John W. Langley, who spoke 
on ''The Development of Electric 
Lighting." He was followed by Profes- 
sor H. H. Higbie, who spokeon “ Mod- 
ern Types of Electric Lights." Pro- 
fessor Higbie's talk was illustrated by 
a display of practically every type of 
electric lighting unit. 


The next meeting of the Section was 
held at the Adcroft Club, in Detroit, on 
March 27. Chairman Sawyer presided, 
and the attendance was 59. 

The speaker was Mr. Arthur Bessey 
Smith, consulting engineer, of Chicago, 
who presented an illustrated paper on 
'" Automatic Private Telephone Ex- 
changes, their Effectiveness and Ећ- 
ciency." A general discussion followed. 


INDIANAPOLIS- LAFAYETTE 

The regular February meeting of the 
Indianapolis-LaFayette Section was 
held at the Indianapolis Chamber of 
Commerce, on February 20. Chairman 
O. S. More presided, and the attend- 
ance was 31. 

The meeting was ‘addressed by Mr. 
C. E. Hansell, assistant manager of 
The Esterline Company, who gave an 
illustrated talk on “ Some Engineering 
Features of Integrating and Curve- 
Drawing Electric Meters." Mr. Han- 
sell dealt with the different types of 
instruments, showing a large number of 
slides and illustrating the various types 
of construction and operation, taking 
up in particular the different types of 
ampere-hour meters and integrating 
wattmeters, as well as curve-drawing 
instruments of various kinds. 

The meeting was of more than usual 
interest due to the particular applica- 
tions which can be made of curve- 
drawing instruments, and the discussion 
along this line brought out many points 
of value. 
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ITHACA 

The Ithaca Section held a mecting on 
October 30, 1913, in Franklin Hall. 
Professor George S. Macomber pre- 
sided, and the attendance was 22. 
Professor Frederick Bedell addressed 
the Section on “ Methods of Deter- 
mining Alternating-Current Wave 
Forms.” Many different methods were 
described, and their errors and advan- 
tages pointed out. A general discus- 
sion followed. 

The next meeting was held in the 
same place on November 14. Pro- 
fessor Bedell presided, and 35 were 
present. Mr. L. F. Fuller, of the 
Federal Telegraph Company, San Fran- 
cisco, California, spoke on  '' Recent 
Developments in Wireless Telegraphy." 


At the meeting on December 12, Mr. 
E. B. Rowe, chief illuminating engineer 
of the Holophane Division of the Gen- 
eral Electric Company, Cleveland, Ohio, 
gave a talk on “ The Influence of 
Science on the Art of Illumination." 

The attendance at this meeting was 
115. Professor Macomber presided. 


On January 17 the annual banquet 
of the Ithaca Section, at which 126 were 
present, was held at the Ithaca Hotel. 
Mr. B. A. Behrend, of Boston, Mass., 
was the principal speaker. Professor 
E. L. Nichols, chairman of the Section, 
presided. 


The student division of the Ithaca 
Section enjoyed a novel program on 
February 7 and 9, when a four-cornered 
debate was held between four pairs of 
men from the senior class in mechanical 
engincering at Sibley College. The 
question debated was: “ What is the 
best system for the New York, Auburn 
and Lansing Railroad to adopt on its 
line from Ithaca to Auburn?" The 
following systems were advocated by 
the respective parties: steam locomo- 
tives, the gasoline motor car system, the 
gasuline-electric motor car system, and 
the electric trolley system. The judges 
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declared the advocates of the gasoline 
motor car system to be the winners in 
the debate. After this was announced 
a representative of the railroad stated 
that the gasoline motor car would 
probably be adopted. This has since 
been done. 


A meeting of the Ithaca Section was 
held on March 28, in Franklin Hall, 
when the speaker was Mr. Charles R. 
Underhill, electrical enginecr of the 
Acme Wire Company, of New Haven, 
Conn. His subject was “Тһе Theory 
and Practise of Electromagnets." Mr. 
Underhill showed the application of 
Maxwell's equations to the design of 
electromagnets, and discussed the limi- 
tations of the equations derived by S, 
P. Thompson. 

Mr. F. H. Hibbard presided at this 
meeting, which was attended by 36 
members and visitors. 


Los ANGELES 


The subject for the meeting of the 
Los Angeles Section on March 206, in 
the Temple Auditorium, was '' Elec- 
tricity as a Source of Heat." Mr. 
Max Loewenthal gave a review of the 
historical and commercial development 
of electrically heated appliances, illus- 
trated by numerous experiments and 
moving pictures.  Practically all of the 
modern cooking and heating appliances 
were exhibited. 

Chairman E. R. Northmore presided. 


. Forty members and 120 visitors, in- 


cluding many ladies, were present. 


MILWAUKEE 


A meeting was held on February 11, 
in the club room of the Plankinton 
House, which was conducted by the 
Milwaukee Section of the A. S. M. E., 
the Milwaukee Section of the A. I. E. E. 
coóperating. А paper was presented 
by Mr. Percy C. Day, of the Falk Com- 
pany, on the Wuest herringbone gears 
and their application. 

Mr. E. P. Worden presided at this 
meeting. The total attendance was 107. 
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The Apnl mecting of the. Milwaukee 
Section was held at the Plankinton 
House on the evening of April 8. The 
paper was given by Mr. F. T. Snyder, of 
the Metallurgie Engineering Company of 
Chicago. | He chose for his subject “The 
Electric Furnace," paying particular at- 
tention to its application for cupola ser- 
vice. The lecture was illustrated by a 
number of slides giving various schemes 
of connections used on a-c. service and 
also bv a number of slides illustrating 
various types of furnaces. Data were 
also given as to the hours of service and 
demands on the central station due to 
furnaces of different types. There was 
an audience of about 100 present, of 
whom 50 were Institute members. 
Chairman L. E. Bogen presided. 


МІХХЕЗОТА 

Тһе regular monthly mecting of the 
Minnesota Section was hell Mondav 
evening, March 16, at the Ryan Hotel, 
St. Paul, preceded by the customary 
dinner. 

The first paper was presented by Mr. 
Herbert S. Whiton, of the Minneapolis 
General Electric Company, on 5у- 
tem | Operation." With the aid of 
lantern slides Mr. Whiton. explained 
the switching operation of the Byllesby 
system, Which begins at the hydro- 
electric generating station at Taylors 
Falls, Minn., about 40 miles fron 
Minneapolis. The current is trans- 
mitted to Minneapohs by two three- 
phase 50,000-volt. lines. Distribution 
is made to the various substations in 
Minneapolis and St. Paul at 13,200 
volts. Attention was directed to the 
peculiarly fluctuating conditions of the 
system, arising from the variations of 
the stage of water in the St. Croix River, 
from the natural fluctuation of the load 
in the Twin Cities, changing from hour 
to hour, and from the fact that the St. 
Paul steam generating plant also distri- 
butes steam for heating on a large scale, 
so that the kilowatt output of that 
plant varies considerably with the tem- 
perature. It is easily seen that a most 
careful day to day record must be kept, 
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covering. all these conditions, in order 
to operate the svstem with the greatest 
economy. 

The next paper was “ The Use of 
Electricity on Automobiles," presented 
by Mr. R. L. Lunt. While Mr. Lunt's 
paper presented some points relating to 
magnetos and the other electrical 
accessories now in use on automobiles, 
the greater part of it was devoted to 
the development of lead storage bat- 
tenes. With the aid of lantern slides 
furnished by the Philadelphia. Storage 
Battery Company, Mr. Lunt showed the 
important changes that had taken place 
in lead battery construction during the 
past six or eight years. The thick- 
ness of the lead grids has been steadily 
decreased, permitting the use of in- 
creased plate area in the same size of 
container. This has increased the bat- 
tery's output materially without adding 
a proportionate amount of weight. The 
thin plate is equally serviceable, as 
chemical analvsis has shown that the 
active material is affected only to a 
depth of 1/32 in., the rest of the material 
serving simply as a binder, and à 
reserve to provide for the unavoidable 
disintegration of the active material. 

Chairman W. T. Ryan presided at 
this meeting. The total attendance 
was 31. 


Past Branch Meetings 


UNIVERSITY OF ARKANSAS 
The University of Arkansas Branch 
held a meeting on February 10, when 
Lieut. N. J. Wiley, U.S.A., made ап 
address on the work of the Signal Corps 
of the United States Army. 


At the meetinz of the Branch on 
March 9, Professor W. B. Stelzner gave 
a talk on “ Electrification ”; Mr. C. W. 
llaves a talk on '' The Chemical Analy- 
sis of Rubber Insulation’; and Mr. J. 
E. Bell read an abstract of the recent 
Institute paper Sources of Direct. Cur- 
rent for Electrochemical Processes, by 
F. D. Newbury. 
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BUCKNELL UNIVERSITY 
The Bucknell University Branch held 
a meeting on January 20, when Mr. F. 
O. Schnure gave a lecture on the Keokuk 
hvdroclectric plant, illustrated with 
lantern slides. 


UNIVERSITY OF CALIFORNIA 
At the mecting of the University of 
Cahfornia Branch on January 28, Mr. 
L. M. Clement presented a paper on 
" Wireless Telegraphy "’. 


At the meeting on February 11 a 
paper was presented by Messrs. J. E. 
Zeile and C. B. Merrick, on the Stand- 
ardization Rules of the A. I. E. E. 


Dr. Meade of the medical depart- 
ment of the university presented a paper 
at the meeting on February 26, on 
"First. Aid to the Injured”. Тһе 
paper was supplemented by practical 
demonstrations of first-aid methods. 


Messrs. H. H. Buttner and C. C. 
Brown presented the paper on March 
18, on the subject '' Electric Propulsion 
of the United States Naval Collier 
Лир”. 


The next meeting of the Branch was 
held on March 25, when Messrs. H. B. 
Henderson and M. C. Souza read a 
paper on " Electric Railway Develop- 
ment ”. 


At the meeting on April 8 Mr. P. R. 
Parrish read a paper on “ Air Conden- 
sers ", using a model which had been 
made by himself and Mr. A. H. Wurts. 
Mr. Wurts then read a paper on the 
laws and regulations governing the use 
of forest lands for power purposes. 


UNIVERSITY OF CINCINNATI 

The University of Cincinnati Branch 
held à meeting on February 17, when 
Mr. Parker H. Kemble of the Union 
Gas and Electric Company made an 
address on “Тһе Public, the Utility 
Commission, and the Company ”, de- 
fining their relations to each other. 


At the next meeting of the Branch, on 
March 24, Mr. Hunt, research engineer 
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for the Delco plant, of Dayton, Ohio, 
gave a talk on the development of the 
Delco clectric ignition, lyhting and 
motor-starting systems for gasoline 
automobiles. 


UNIVERSITY OF COLORADO 
The University of Colorado Branch 
held a meeting on February 4, when a 
talk on “ The Oil Industry ” was given 
by Dr. F. E. Knock, superintendent of 
the Florence, Colorado, refinery of the 
United Oil Company. © 


At the mecting on February 18 Mr. 
H. S. Russell, chief engincer for the 
Denver Gas and Electric Company, 
made ап address on “ Distribution of 
Central Station Energy ”. 


Mr. H. C. Bullock, of the Denver 
office of the Westinghouse Electric and 
Manufacturing Company, was the 
speaker at the meeting on March 4. 
His subject was “ Industrial Motor 
Applications ”. 


At the next meeting of the Branch, 
on March 18, Mr. George E. Luther, of 
the Denver Branch of the Electric Stor- 
age Battery Company, gave a talk on 
“ The Storage Battery ”, describing the 
various installations and classes of work 
to which storage batteries are applied. 
Many illustrative lantern slides were 
shown. 


At the meeting of the Branch on April 
1, Mr. H. C. Bighin of the Western Elec- 
tric Company gavea talk on the student 
apprentice courses offered by his com- 
pany, with a detailed description of the 
three courses open to engineering grad- 
uates and the opportunities for men 1n 
that line of work. 


COLORADO STATE COLLEGE 

The Colorado State College Branch 
held a meeting on January 29. Mr. L. 
M. Klinefelter gave a talk on “ The 
Development of the Central Station ”. 
Especial emphasis was laid on the pro- 
gress in the construction of electrical 
mcasuring instruments. Additional 
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information on the same topic was given 
by Professor Rankin. 


At the mecting on February 26 Mr. 
Klinefelter presented a paper on “ The 
Development of the Electric Light ”. 


The next mecting was held on March 
26, when Professor Macdonald pre- 
sented a paper on '' The Niagara Hydro- 
electric Power Plant and Its Advan- 
tages ”, 


The annual dinner of the Branch was 
held on the evening of March 29, fol- 
lowed by an informal dance given by 
Professor Rankin. 


HIGHLAND PARK COLLEGE 


The Highland Park College Branch 
held a meeting on January 14, devoted 
to the subject of electric railways. The 
following papers were presented: S. W. 
Palmer, “Тһе Brill Motor Truck "; 
E. R. Witzel, “ What is the Standard 
Voltage, and Why? "; H. E. Johnson, 
" Motor Designs"; E. J. Stellings- 
worth, ' Motor Ratings"; and W. 
Roush, ' The Third-Rail Systems and 
Overhead Trolleys ”. 


At the meeting on January 28, the 
discussion of this subject was continucd, 
the following papers being presented: 
J. Gailunas, “ The Gramme Armature 
and Interpole Motors "; E. E. Gould, 
“ Compressed Air Brakes ”; and E. B. 
Williams, “ Alternating-Current Mao- 
tors "'. 


The meeting on February 11 was de- 
voted to the subiect of refrigeration. 
The papers were as follows: F. P. 
Boone, “ Mechanical Refrigeration ”; 
R. Sneddon,“ The Parsons Quick Freeze 
System ”; J. C. Shutt, * The Compres- 
sion System of Refrigeration ”; and E. 
E. Gould, “ Methods of Freezing, with 
Special Reference to the Can System ”. 


At the meeting of the Branch on 
February 25, a paper was presented by 
Mr. T. B. Genay, chief engineer of the 
Des Moines Gas Company, on “ Re- 
ducing Boiler Fuel in Water Gas Manu- 
facture ”. | 


The next meeting of the Branch was 
held on March 11, when the following 
papers were presented: J. Gailunas, 
“The Design of Water Turbines"; 
R. B. Hale, “ The Development on the 
Ococe River by the Tennessee Power 
Company "; and E. B. Williams, “ The 
Keokuk Dam and Power House ”, 


UNIVERSITY OF IowA 
At the meeting of thc University of 
Iowa Branch on Januarv 13, Mr. O. L. 
Johnson of the Benjamin Electric Manu- 
facturing Company, of Chicago, gave a 
talk on “ Illuminating Enginecring ". 


On January 27, Mr. Glen W. Car- 
penter presented an illustrated paper on 
" Power Plants of the Upper Iowa 
Power Company ”. 


At the meeting on February 10 a 
paper was presented by Mr. H. C. 
Blackwell of the Peoples Light Company 
of Davenport, Iowa, on “ Rate Making 
from the Standpoint of the Public 
Utility ”. 

At the meeting of February 24, Mr. 
J. Ralph Eyre spoke on “ Church Light- 
ing ”. 

The next meeting of the Branch was 
held on March 10, when an illustrated 
lecture on “ The Edison Storage Bat- 
tery ", prepared by Thomas A. Edison 
and H. H. Smith, was presented by 
Mr. J. H. Carmichael. Тһе lecture 
was furnished by the National Electric 
Light Association. 


ТОМА STATE COLLEGE 

The Iowa State College Branch held 
a meeting on February 25, when Messrs. 
Harry Porter and C. E. Ide abstracted 
the recent Institute papers on the elec- 
trical equipment of gasoline automo- 
biles. This was followed by a general 
discussion on the subject, led by Mr. 


B. A. Cole. 


UNIVERSITY OF KANSAS 
At the mecting of the University of 
Kansas Branch on December 17, 1913, 
the speakers were several members of 
the senior class. Mr. J. R. Smith des- 
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cribed the equipment of the power 
houses of the Metropolitan Street Rail- 
way of Kansas City, Missouri. Messrs. 
A. J. Fecht and Joseph Segal described 
the experiences of the seniors on their 
inspection trip to Keokuk and St. Louis. 


At the meeting on February 18, Mr. 
O. H. Horner gave a talk on the munic- 
ipal electric plant of KansasCity,Kansas. 


February 25 was “ Electrical Engi- 
neers’ Day” at the engineering school of 
the University of Kansas. The open- 
ing address of the morning sesSion was 
given by Dean Walker, followed by a 
paper on '' The ‘Safety First’ Movement 
in Railway Operation ", by Professor 
C. C. Williams. · In the afternoon the 
following papers were presented: '' Re- 
cent Developments in the Design and 
Manufacture of Induction Motors ”, 
by W. F. Barnes; “ The Self-Starting 
of Synchronous Motors", by A. J. 
Fecht; “Тһе Electrical Equipment of 
a Large Mercantile Establishment ”, 
by H. C. Hennci; “ The Place of Tele- 
phony in Electrical Engineering ", by 
H. C. Lauderback, and '' Mine Haul- 
аре ”, by L. R. von Stein. In the eve- 
ning a dinner was given at the Eldndge 
House, with brief talks by several of the 
professors and members of the Branch. 


KANSAS STATE AGRICULTURAL COLLEGE 

The Kansas State Agricultural Col- 
lege Branch held a joint meeting on 
April 3 with the student branch of the 
A. S. M. E. The following program 
was given: “ Rectifiers’’, by H. E. 
Butcher (accompanied by demonstra- 
tion of apparatus); a demonstration of 
nitrogen-filled lamps, by G. B. McNair; 
“ The ВбсКеуе Locomobile ”, by James 
Moss; '' Electric Sparks ", H. W. Stoke- 
brand; “А Small Oil Refinery ”, by 
N. M. Hutchinson. The program was 
followed by separate business meetings 
of the two organizations. 


UNIVERSITY OF KENTUCKY 
The meeting of the State University 
of Kentucky Branch on April 1 was 
addressed by Mr. W. M. Hannah, of 
the General Electric Company, on the 
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subject of “ Standard Equipment ”’. 
He spoke of the evolution of electrical 
apparatus, especially its rapid growth 
in the last few years, and outlined the 
details of the modern power plant. Mr. 
G. C. Hyde, engineer of the Kentucky 
Utilities, then made a few remarks on 
transmission lines and insulators. 


LAFAYETTE COLLEGE 
The Lafayette College Branch held 
a meeting on February 2, when a paper 
on ' Line Surges” was presented by 
Mr. J. H. Kerrick, and a paper on 
“ Submarine Telegraphy " was pre- 
sented by Mr. P. M. Lee. 


At the meeting on February 9 two 
papers were presented: ' Repair of 
High-Tension Lines in Operation ", by 
M. H. Simmons; ‘ Diesel Engines for 
Power Plants ", by H. S. Conklin, Jr. 


On February 11 four papers were pre- 
sented: “ Railroad Telephones ", by 
J. H. Kennedy; “ Remote Control Ap- 
paratus ", by W. J. English, Jr.; “ Com- 
plete Tests of an Alternating-Current 
Machine ", by V. A. Davison; '' Re- 
quirements of Incandescent Lighting "', 
by R. S. Soles. 


At the meeting on February 16 the 
program was as follows: '' The Wilkes- 
Barre, Pennsylvania, Gas and Electric 
Company ", by C. R. Johman; “ The 
Keokuk Plant ", by W. B. Killough; 
“ Outline of Panama Electric Equip- 
ment ", by E. E. Smith. 


On February 23 two papers were 
presented: “ Ward Leonard Systems ”, 
by R. D. McManigal; “ Tallulah Falls 
and Hales Bar Hydroelectric Plants ”, 
by R. K. Laros. 


The program at the meeting on March 
2 was as follows: “ The Edison Storage 
Сей”, by W. H. Powell; “Тһе Electric 
Truck ", by H. W. Bailey; “ Alternat- 
ing-Current Motors for Machine Tool 
Drive’, by L. Jefferson. 


On March 4 these papers were read: 
“ Brush Arc Machines ”, by F. L. Kolb; 
“ 'Thomson-Houston Arc Machines”, 
by H. C. Mitchell; “ Multiple Telephonc 
Exchange ", by W. W. Thompson. 
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At the next meeting of the Branch, 
on March 9, fcur Fapers were read: 
“Тһе Lackawanna and Wyoming Val- 
ley Railroad "by G. P. Ellis; “ History 
and Development of the Storage Bat. 
tery ", by J. R. Clymer; “ Electricity 
from Culm Piles ”, by 1. W. Марсе; 
“ Electric Loccmotives "', by L. C. Van 
Inwegen. 


LEHIGH UNIVERSITY 
The Lehigh University Branch held 
a meeting on February 13. The first 
speaker was Mr. H. M. Poust of the 
senior class, who Save an account of 
the inspection trip of the senior clec- 
trical engineering students following 
the Christmas holidays. Mr. J. Frank- 
lin Stevens of Philadelphia then made 
an address on the development of the 
American Institute of Electrical En- 

gireers and what it stands for. 


The next meeting of the Branch Was 
held on March 24. Mr. J. S. William- 
son of the senior class rcad a paper on 
" Mercury Vapor Turbines ", describ- 
ing the economies made possible by 
this new development. Mr. C. R. 
Underhill, chief clectrical engineer of 
the Acme Wire Company, of New 
Haven, Conn., spoke on “ Electro- 
magnets ””, explaining how the laws 
discovered by Maxwell could be applied 
to all sorts of magnets if the effects of 
leakage flux were considered. He de- 
monstrated his facts by many interest- 
Ing experiments, 


UNIVERSITY OF MAINE 

The University of Maine Branch 
held a mecting on February 26. Mr. 
W. E. Bowler was elected vice-president 
in place of Mr. P. p. Sheridan, resigned. 
Mr. F. S. Jones read a paper on “ The 
Central Maine Power Company ”, and 
Mr. H. R. Clark spoke on some of the 
papers in the early volumes of the 
A. ] E. E. TRANSACTIONS, 


UNIVERSITY OF MICHIGAN 
The University of Michigan Branch 
leld a meeting on February 12, when 
Mr. Conant Presented a paper on 


“ Commercial Uses of the Storage 
Battery”. Mr, W. B. Kopfer resigned 
as secretary and Mr. E. T. Anderson 
was elected to take his place. 

At the meeting of the Branch on 
March 5, Professor B. F. Bailey gave 
an illustrated talk on the spring inspec- 
tion trip of the senior electrical епріпсег- 
ing students. 

The speaker at the meeting onMarch 
16 was Mr. E. H. Jacobs, of the General 
Electric Company, who gave an illus- 
trated lecture. on the Panama Canal 
clectrification and the methods of clec- 
tric control. This was a mecting of all 
the engineering students, held under 
the auspices of the A. L. E. E. Branch. 

At the next meeting, on April 2, Mr. 
Arthur Bessey Smith of the Automatic 
Electric Company, of Chicago, pre- 
sented a paper on “ Automatic Tele- 
phones ”, 


UNIVERSITY OF Missouni 

The University of Missouri Branch 
held a meeting on January 19, which 
was devoted to a discussion of phase 
transformation. Mr. R. G. Thompson 
described several methods of changing 
two-phase to three-phase and vice- 
Versa, comparing the merits of the dif- 
ferent plans. Mr, C. M. Laffoon took 
up the subject of utilizing polyphase 
power to best advantage for large single- 
phase loads, and of deriving polyphase 
power from a -single-phase supply. 
Rotary phase-con verters were described. 

At the meeting on February 9 the 
subject of remote control of electrical 
apparatus was discussed. Mr. L. D. 
Macom described an automatic re- 
motely controlled substation in Detroit. 
Mr. A. L. Strother described the elec- 
trical system which controls the opera- 
tion of the lock-gates, valves and other 
apparatus on the Panama Canal. Mr. 
Luscombe described several Systems of 
multiple unit railway motor control, 
A general discussion followed. 

On February 23 a talk on “ Telephone 
Engineering " was given by Mr. E. W. 
Kellogg. 
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At the meeting on March 10. Mr. H. 
M. Tickle reported the results of tests 
that he and his brother, Mr. Richard 
Tickle, had been carrying on to deter- 
mine the merits of clectric fans in con- 
nection with hot-air house furnaces. 
The fan was placed in the cold air in- 
take. It was found that the house 
could be heated more quickly with the 
fan, and that it could be maintained 
at the same temperature with slightly 
less coal, but with average prices for 
coal and elcctricity the saving in coal 
was not sufficient to pay for the cost 
of running the fan. The subject of 
railway electrification was then taken 
up by Messrs. C. M. Duren and E. B. 
Smith. Mr. Smith made a comparison 
of the three principal systems of trans- 
mission. Mr. E. V. Gmeiner resigned 
as treasurer of the Branch and Mr. F. 
W. Anderson was elected to succeed 
him for the remainder of the school year. 


At the next meeting, on March 23, ` 


the subject was ‘ Street Lighting '. 
The speakers who discussed different 
divisions of the subject were Messrs. 
L. E. Knapp, J. A. Colvin and F. H. 
Templeton. 


The subject considered at the next 
meeting of the Branch, on April 7, was 
" Electricity in Mining ". Mr. G. S. 
Dnrng discussed the applications of 
electricity in coal mining, and Mr. P. 
J. Smith dealt with the subject in re- 
lation to metal mining, showing how 
various economies had made it profit- 
able to utilize much lower grade ores 
than formerly, and how electric power 
had contributed to this economy. 


Persomal 


Mr. FREDERICK H. COoBLE has been 
appointed test engineer of the Pacifis 
Light and Power Corporation. Loc 
Angeles, California. 


Mr. GEORGE В. SCHLEY has formed 
with Mr. Arthur M. Hood, whose as- 
sistant he has been since 1911, a partner- 
ship under the firm name of Hood and 
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Schlev, for the practise of patent, trade- 
mark and copyright law. The offices 
of the firm are at 908 Hume-Mansur 
Building, Indianapolis, Indiana. 


Мк. S. R. BLAKEMAN, who for the 
past four years has been superintendent 
of the Senatobia, Miss., electric light 
and water plant, has been made super- 
intendent of the Water and Electric 
Light Department of the city of Dyers- 
burg, Tenn. Mr. Blakeman was grad- 
uated from Purdue University in 1909. 

MR. MoRTIMER FREUND, who is as- 
sociated with P. R. Moses, consulting 
engincer, has been in Vancouver, B.C., 
during the winter and spring, in con- 
nection with the electrical and mechan- 
ical installations for the large depart- 
ment stores being crected by the Hud- 
son's Bay Company in Vancouver and 
Victoria, B.C. While there he was 
called in as consultant in connection 
with similar equipment for the new 
hotel being erected in Vancouver by the 
Canadian Pacific Railway. 

Mr. F. N. JEwkErT, sales manager of 
the Wagner Electric Manufacturing 
Company, has had to relinquish tem- 
porarily the duties of his position, be- 
cause of a recent nervous collapse. He 
will, however, retain his connection with 
the Wagner Company, in the capacity 
of assistant to the executive officers. 
His condition is showing satisfactory, 
though slow, improvement, with the 
assurance of complete recovery in time. 
Mr. Jewett, who was graduated from 
Cornell University in 1893, has been 
connected with the Wagner Company 
since 1906, when he was made manager 
for the Chicago district. 

Mr. E. W. P. SMITH has been ap- 
pointed city electrician of Cleveland, 
Ohio. After graduation from Colorado 
College in 1908, and a year of operating 
experience in the West, Mr. Smith 
entered the employ of the Westinghouse 
Electric and Manufacturing Company, 
in the railway engincering department. 
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Mr. Smith was afterwards employed by 
the city of Cleveland, in the Smoke 
Prevention Division, engaged in the 
preparation of a preliminary report on 
the electrification of steam railroads in 
Cleveland. During the latter part of 
1913 he was in the mechanical depart- 
ment ot the Lake Shore and Michigan 
Southern Railroad. 


Mr. Francis JEHL, Mem. A. I. E.E., 
chief engineer of the General Electric 
Company of Budapest, Hungary, has 
been honored by Emperor Francis 
Joseph of Austria-Hungary with the 
Knight's Cross of the Francis Joseph 
Order. Mr. Jehl has been connected 
with the work of the Budapest General 
Electric Company for the past 17 
years and has been prominently iden- 
tified with electric lighting and power 
developments in Europe and America 
ever since the early development of the 
Edison incandescent electric lamp at 
Menlo Park, N. J., where he was one 
of Mr. Edison ` earliest assistants. 
After wide experience in superintending 
electrical installations in Europe, Mr. 
Jehl had charge of the Edison exhibit 
at the Vienna Electrical Exhibition in 
1883, during which he was presented at 
the Austrian Court. While in Vienna 
in 1899 he wrote the first complete work 
upon carbon manufacture, which was 
published in the London Electrician, and 
he took out a number of patents for 
inventions such as carbon economizers, 
a continuous furnace for carbon manu- 
facture, an electric meter, and a Faraday 
disk type of dynamo, known as the 
Jehl-Ruppe disk dynamo. Не has 
been a frequend contributor to the tech- 
nical press both in this country and 
abroad. 


Obituary 


— 


FRANCIS WILEY JONES, Member and 
past vice-president of the Institute, ex- 
assistant general manager of the Postal 
Telegraph-Cable Company, died of 
pneumonia at his winter home in. West 
Palm Beach, Florida, on March 28, 


1914, in his sixty-cighth усаг. Francis 
Wiley Jones was born in Weymouth, 
Nova Scotia. Helearned telegraphy in 
1859 while clerk in the post-office in 
Kentville, N. S. In 1867 he removed to 
St. John, New Brunswick, to accept a 
position as operator. Mr. Jones Icft 
St. John in 1872 for Chicago, where he 
accepted a position as night operator 
for the Western Union Telegraph Com- 
pany. He was rapidly promoted, and 
became assistant electrician and assis- 
tant manager of the Chicago office. He 
was largely instrumentalinthe formation 
of the Chicago ElectricalSociety andthe 
American Electrical Societv. In 1874 
he adapted the quadruplex system of 
sending messages, then just invented 
by Edison, to the work of the Western 
Union, and set up the first quadruplex 
west of New York. Inthe next vear he 
greatly improved the svstem by chang- 
ing it from the bridge to the differential 
form, and by applying condensers to 
mitigate the “kick.” His modified 
quadruplex was soon in use all over the 
country. In 1879 he patented a device 
to obviate the inductive effects of elec- 
tromagnets in telephone circuits. Mr. 
jones was appointed in 1880 to the 
newly created position of general circuit 
manager of the Western Union Tele- 
graph Company, with headquarters in 
New York, and while in this service he 
invented a sextuplex. In 1882 he rc- 
signed to become vice-president and 
general manager of the Union Electric 
Manufacturing Company, and im- 
proved many of the products of the 
company by his inventive ability. In 
1S84 he was appointed electrician of the 
Bankers’ and Merchants’ Telegraph 
Company, and in 1885 became general 
manager to thereceiver of that company. 
Later he became assistant general 
manager and electrician of the joint 
United Lines and Postal Telegraph 
Company, and subsequently electrical 
engineer of the Postal Telegraph-Cable 
Company, with headquarters at New 
York. This position he retained until 
his retirement from active service in 
іп 1907. Мг, Jones was a charter meme 
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ber of the American Institute of Electri- 
cal Engineers, and served as vicc-presi- 
dent from 1885 to 1887. He was 
founder and first president of the 
New York Electrical Society, one time 
president of the Old Timers' Club, of the 
Magnetic Club, and member of the 
New York Telegraph Club and a life 
member of the New York Press Club. 


Abstracts of Proceedings of 
Foreign Engineering Societies 


SOCIÉTÉ INTERNATIONALE DES ELEC- 
TRICIENS 
MEETING OF FEBRUARY 4, 1914 

" Dynamos for Automobile Light- 
ing ", by H. Armagnat. 

The electric lighting of automobiles 
has undergone steady development 
since the time when it was decided to 
combine, on the car, storage batteries 
having the duty of furnishing energy 
at every moment, and a dynamo for 
recharging the batteries. What is of 
special interest for electrical engineers 
is the combination of means used to 
enable the dynamo, connected with a 
motor the speed of which may vary in 
the ratio of 1 to 6, to deliver the volt- 
age at constant potential. The regu- 
lators (either proposed or used) make 
use of a mechanical phenomenon 
(centrifugal force), or of electromagnetic 
actions. produced in special apparatus 
or in the dynamo itself. 

Centrifugal force has served as a 
basis for several systems, providing for 
the regulation of the speed of the 
dynamo (slipping); providing for the 
cutting in of rheostatsinsertedin the field 
coils; or, finally, in providing a regula- 
tion of the length of the air-gap. Elec- 
tromagnetic regulators maintain the 
voltage constant by acting on a field 
rheostat. To obtain a nearly constant 
voltage in the circuit, with the current 
flowing either to the lamps or into the 
storage batteries as the case may be, 
compounding of the field winding is 
often used, with the series circuit in 
opposition to the shunt circuit. 

e Numerous combinations have been 
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proposed for utilizing the reaction of 
the field coils, either that which comes 
from the current generated, or by form- 
ing supplementary circuits the purpose 
of which is to intensify this reaction. 
A large number of regulators, from 
among the most modern types, involve 
an action on the field due to periodical 
interruptions of the excitation circuit; 
vibrating regulators are usually de- 
signed to maintain the electromotive 
force constant, but there are also such 
as maintain the current constant. 
Finally, some inventors propose to use 
alternators or machines with rectified 
current in which the increase of im- 
pedance with the increase of speed would 
compensate, to a certain extent, for 
the increase in electromotive force. 
These devices eliminate the use of stor- 
age batteries, and make it necessary to 
provide an auxiliary source of light to 
be used during stops. 

An accessory apparatus, the use of 
which is, however, indispensable, viz., 
a circuit closing and breaking switch, is 
of great importance in all installations 
for lighting automobiles. 


“New Apparatus, with Two Pointers, 
Instantaneous-Reading, for Меаѕиг- 
ing Resistance of Rail Joints”, by 
Lebaupin. 

All the present apparatus for measur- 
ing the resistance of rail joints require 
much time for use and give uncertain 
results. They require much time be- 
cause the methods used require ad-- 
justments by trial; the results are un- 
certain because contact by simple pres- 
sure by hand is not sufficient. Further, 
they are nearly inapplicable on lines of 
mixed traffic (steam and electric). One 
may resort to indirect methods which 
give the average value of joints, but 
these are insufficient because, notwith- 
standing all precautions taken, a cer- 
tain number of joints may happen to 
possess an excessive and inadmissible 
resistance. 

It is owing to these considerations 
that the Eastern Railways have been 
forced to design a new apparatus free 
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from the inconveniences of the pre- 
vious ones, that is, giving direct. read- 
ings, without trial adjustments. This 
new apparatus, provided with two 
pointers, has been constructed by Car- 
pentier, in accordance with the prin- 
ciples of the Ferrié-Carpentier appara- 
tus. It consists of two millivoltmeters 
the pointers of which cross in front of 
a dial on which is plotted a system of 
curvesindicatinglength of rail in meters, 
in such a manner that the resistance qf 
the joint is given directly in terms of 
mcters of rail. 

It is provided with two commutators 
permitting the operator to vary the 
sensitiveness of the apparatus. To 
prevent the apparatus from being in- 
jured when the current flowing in the 
rail happens to be too strong, or when 
a poor joint is encountered, the core 
and poles are made of special shape, 
so that the millivoltmeters have their 
maximum sensitiveness in the neigh- 
borhood of zero. 

The junctionbox device is mechanical- 
ly locked, and makes very good contacts 
possible. It takes its place automat- 
ically, and is removed likewise, with- 
out the shghest difficulty, so that the 
operator runs no danger whatsoever. 

This new apparatus permits the in- 
stant comparison of joint resistances 
within one meter of тай. The speed 
of handling is nearly ten times as great 
as with the former tvpes of apparatus. 
The last advantage of this apparatus 
is that, however unskilled the operator 
may be, he will, very rapidlyand simply, 
obtain exact results. That is what 
cannot be done with other.tvpes of 
apparatus in. which the readings have 
alwavs to be approximated. 

The instrument is further provided 
with a millivolt scale which permits 
the determination of the maximum and 
average loss of charge in the line. 


“А Contribution to the Study of 
Transformers ", by P. Girault. 

The author investigates no-load losses 
at constant effective voltage. Th: 
eddy current losses are substantially 


constant, The hysteresis losses depend 
only on the maximum value of the flux; 
the consideration of the form factor 
permits passing from the maximum 
flux to the average electromotive force. 
Calculation shows that maximum 
hysteresis loss is obtained with a tri- 
angular curve of flux, and minimum and 
zero values with rectangular flux of 
infinitely small height. 

The author examines the question 
of excessive voltages and under-volt- 
ages and of oscillatory discharges, in 
connection with high-voltage tests. 
If one considers a combination of a 
self-inductance and capacity in series, 
energized under a difference of poten- 
tial, of frequency W, and if this com- 
bination be short-circuited, in the par- 
ticular case when the oscillation fre- 
quency 15 О > w, one may obtain at 
the capacity terminals a factor of maxi- 
mum excess of voltage У = 1, and at 
the terminals of the self-inductance a 
factor of maximum excess of voltage 


Q? 


À = wi ; this permits an explanation 


of the voltage surges between windings 
in a transformer flashing overtothe core. 
These over-voltages may also be ex- 
plained by sudden variations of voltage 
resulting from the discharges. 
Resistances seem to be the best 
remedy against these — oscillations. 
Isxcesses of current when the machine 
operates under a system of oscillations 
are easily explained. When horn gap 
lightning arresters are used, the resist- 
ance in series should be on the line side, 
and the horn gap on the ground side. 
We know very little of the dielec- 
trics, and use them in a barbarous 
manner, much worse than the wav In 
which magnetic materials were used 
before the works of Hopkinson. For 
dielectrics we have not even anything 
corresponding to the Epstein apparatus. 
Transformers operating in parallel: 
in all cases of operation in parallel, the 
vectors of the primary and secondary 
voltages are respectively in phase for 
the different apparatus; if the ratios of 
transformation at no-load are equal, the 
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short-circuit also 
equal. 

The'author states the operating con- 
ditions for various cases, deriving them 
either from the simplified Kapp diagram 
or from the consideration of the total 
coefhcients of self and mutual induct- 
ion. He closes by indicating some 
simple cases of phase adjustment and 
current distribution. 


hypothenuses are 


Library Accessions 
The following accessions have been made to the 
Library of the Institute since the last acknowledg- 
ment. 


Engineers. 
New York, 


American Institute of Electrical 
Transactions vol. 31, pt. 1-2. 
1912. (Gift.) 

American Telephone and Telegraph Company. 
Annual Report of the Directors 1913. New 
York, 1914. (Gift of American Telephone 
and Telegraph Company.) 

Annales de Chimie et de Physique, Table des 
noms d'auteurs et table analytique des 
matieres. бег. 6, vols. 1-30, 1884-1893. 
Paris, 1895. (Purchase.) 

Association Suisse des Electriciens et Union des 
Centrales Suisses D'Electricite. Statistique 
des installations electriques a courant fort. 
Stations centrales Categorie A. Annee 1911. 
Zurich, 1913. (Purchase.) 

Associazione Elettrotecnica Italiana. Atti vol. 
10, 1906. Milano, 1906. (Purchase.) 
Carnegie Institution of Washington. Annual 

Report of the Director of the Department of 
Terrestrial Magnetism 1912-1913. Wash- 
ington, N.d. (Gift of Carnegie Institution 

of Washington.) 

Contributo allo studio della tarifficazione dell'- 
energia elettrica. By Renzo Norsa. Milano, 
n.d. (Gift of author.) 


Economics of Interurban Railways. By L. E. 
Fischer. New York, 1914.  (Purchase.) 
By Walter Jackson. 

(Purchase.) 


Electric Car Maintenance. 
New York, 1914. 


Electrical Trades' Directory and Handbook for 
1914. London, 1914. (Purchase.) 


Elektrochemische Zeitschrift. 
vols. 2-5; vol. 6, nos. 1-9. 
(Purchase.) 


Die Fabrikation und Eigenschaften der Metall- 
drahtlampen. By N. L. Maüller. Halle 
a.S., Wilhelm Knapp. 1914. (Gift of Pub- 
lishers.) Price 8.60 Mks. 

More than half of this work is given up to the 
manufacture of metal filament lamps, the re- 
mainder being devoted to the behavior when in 
use. š W. P. C. 
Government Ownership of Electrical Means of 


Communication. Washington, 1914. Gift 
of U. S. Senate.) 


vol. I, nos. 2-12; 
Berlin, 1894-1899. 
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Inspector and the Insured. Ап address delivered 
before the 94th Meeting of the Insurance 
Society of New York, Feb. 24, 1914. By 
F. M. Griswold. (Gift of Insurance Society 
of New York.) 

Jahrbuch der Elektrotechnik. 1 Jahrgang. 1912. 
By Karl Strecker. Muünchen-Berlin, 1913. 
(Purchase.) 

Translated 
from the German of Paul Hógner by Justus 
Eck. London,n.d. (Purchase.) 

La Lumière Electrique et ses differéntes applica- 
tions au Théatre. By V. Trudelle. Paris, 
1914. (Purchase.) i 

Missouri. Public Service Commission. Mc- 
Gregor-Noe Hardware Company, et. al. vs. 
Springfield Gas and Electric Company and 
Springfield Traction Company. Brief and 
Argument on Behalf of Defendants. N.P. 
n.d. (Gift of Sanderson and Porter.) 

National Association of Railway Commissioners. 
Proceedings of the 25th Annual Convention, 
1913. New York, Law Reporting Co., n.d. 
(Gift of publishers.) Price $1.00. 

The publications of this Association are of 
great interest to the officers of public service cor- 
porations. The subjects discussed are such as 
are prominent in the economic discussions of the 
day. W. P. C. 


La Protection des Réseaux et des Installations 
électriques contre les surtensions. By G. 
Capart. Paris, 1914. (Purchase.) 

Royal Society of London. Philosophical Trans- 
actions. Ser. A—vol. 213. London, 1914. 
(Gift of Adams Fund.) 


Society of Chemical Industry. List of Members 
1914. London, 1914. (Gift of Society of 
Chemical Industry.) 


State and the Insurance Company. An address 
delivered before the 96th Meeting of the 
Insurance Society of New York, March 24, 
1914. By David Rumsey. п.р. n.d. (Gift 
of Insurance Society of New York.) 


Les Surtensions dans les distributions d'énergie 
electrique et les Moyens d'en prevenir les 
Inconvénients. By I. Van Dam. Paris, 
1913. (Gift of Gauthier-Villars.) 

This treatment of high-tension transmission is 
designed to summarize American practise in 
protection of transmission lines, for the use of 
those contemplating the establishment of high- 
tension plants in Europe. The author is con- 
nected with the Technical Department of the 
telegraphic service in the Netherlands. W. P. C. 


Travaux du Laboratoire Central D'Electricité. 
By P. Janet (Société Internationale des Elec- 
triciens. Tome III) Paris, 1914. (Gift of 
Gauthier-Villars.) 

The third volume of this series of papers con- 
tains articles on the physiological effect of the 
electric current; electrocution experiments; mag- 
netic -measurements; cloth insulation; study of 
new electric lamps, measurement of wave length 


in wireless telegraphy, and several other sub- 
jects. W. P. C. 
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H. W. FISHER, Perth Amboy, N. J. 
H. M. HOBART, Schenectady, N. Y. 
DUGALD C. JACKSON, Boston, Mass. 
F. B. JEWETT, New York. 
B. G. LAMME, Pittsburgh, Pa. 
W. A. LAYMAN, St. Louis, Mo. 
M. G. LLOYD, Chicago, Ill. 
R. H. MARRIOTT, New York. 
A. S. McALLISTER, New York. 
WILLIAM McCLELLAN, New York. 
W. L. MERRILL, Schenectady, N. Y. 
W. S. MOODY, Pittsfield, Mass. 
HAROLD PENDER, Boston, Mass. 
W. H. POWELL, Milwaukee, Wis. 
CHARLES ROBBINS, East Pittsburgh, Pa. 


LEWIS T. ROBINSON, Schenectady, N. Y. 
E. B. ROSA, Washington, D. C. 
CHARLES F. SCOTT, New Haven, Conn. 


CLAYTON H. SHARP, New York. 

C. B. SKINNER, Pittsburgh, Pa. 

JAMES M. SMITH, Ampere, N. J. 
CHARLES P. STEINMETZ, Schenectady, N.Y. 
S. W. STRATTON, Washington, D. C. 
PHILIP TORCHIO, New York. 


LAW COMMITTEE 
CHARLES A. TERRY, Chairman, 
165 Broadway, New York. 
CHARLES L. CLARKE, Schenectady, N. Y. 
CHARLES E. SCRIBNER, New York. 
G. H. STOCKBRIDGE, New York. 
W. B. VANSIZE, New York. 
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SPECIAL COMMITTEES 


Revised to May 1, 1914. 


INDUSTRIAL POWER COMMITTEE 

R. TSCHENTSCHER, Chairman, 

Illinois Steel Company, South Chicago, Ill. 
WILLIAM T. DEAN, Chicago, Ill. 
A. C. EASTWOOD, Cleveland, Ohio. 
E. FRIEDLAENDER, Braddock, Pa. 
C. T. HENDERSON, Milwaukee, Wis. 
CHARLES W. PARKHURST, Johnstown, Pa. 
KARL A. PAULY, Schenectady, N. Y. 
W.H. POWELL. Milwaukee, Wis. 
B. R. SHOVER, Youngstown, Ohio. 
ROBERT B. TREAT, East Orange, N. J. 
BRENT WILEY, Pittsburgh, Pa. 


TELEGRAPHY AND TELEPHONY 
COMMITTEE 
F. F. FOWLE, Chairman, 
68 Maiden Lane, New York. 

M. H. CLAPP, St. Paul, Minn. 
E. H. COLPITTS, New York. 
M. M. DAVIS, New York. 
S. P. GRACE, New York. 
A. H. GRISWOLD, San Francisco, Cal. 
JOHN L. HOGAN, JR., Brooklyn, N. Y. 
L. S. KEITH, Chicago, Ill. 
S. G. McMEEN, Columbus, Ohio. 
CLOYD MARSHALL, New York. 
WILLIAM MAVER, Jr., New York. 
J. H. MORECROFT, New York. 
SAMUEL REBER, Washington, D. C. 
F. L. RHODES, New York. 
J. L. WAYNE, Indianapolis, Ind. 
C. S. WINSTON, Chicago, Ill. 
G. M. YORKE, New York. 


ELECTROCHEMICAL COMMITTEE 

A. P. GANZ, Chairman, 

Stevens Institute of Technology, Hoboken, N.J. 
C. P. BURGESS, Madison, Wis. 
M. W. FRANKLIN, Bloomfield, N. J. 
A. McK. GIFFORD, Pittsfield, Mass. 
CARL HERING, Philadelphia, Pa. 
BURTON McCOLLUM, Washington, D. C. 
L. L. SUMMERS, Chicago, Ill. 
W. R. WHITNEY, Schenectady, N. Y. 


COMMITTEE ON 
ELECTRICALLY PROPELLED VEHICLES! 
HAROLD PENDER, Chairman, 

491 Boylston St., Boston, Mass. 
A. CHURCHWARD, Boston, Mass. 
G. H. JONES, River Forest, Ill. 
ERNEST LUNN, Chicago, Ill. 
FRANK W. SMITH, New York. 
H. H. SMITH, Orange, N. J. 
H. F. THOMSON, Boston, Mass. 
P. D. WAGONER, Long Island City, N. Y. 
F. B. WHITNEY, Philadelphia, Pa. 
J. L. WOODBRIDGE, Philadelphia, Pa. 


COMMITTEE ON USE OF ELECTRICITY IN 
MINES 


WILFRED SYKES, Chairman, 
Box 242, East Liberty, Pa. 
C. W. BEERS, Wilkesbarre, Pa. 
GRAHAM BRIGHT, Wilkinsburg, Pa. 
H. H. CLARK, Pittsburgh, Pa. 
MARTIN H. GERRY, Jr., Helena, Mont. 
J. M. HOPWOOD, Wheeling, W. Va. 
J. T. JENNINGS, Pottsville, Pa. 
B. T. VIALL, Miami, Arizona. 
GEORGE R. WOOD, Philadelphia, Pa. 


COMMITTEE ON USE OF ELECTRICITY IN 
MARINE WORK 


C. S. McDOWELL, Chairman, 

U. S. Navy, Navy Yard, New York. 
D. M. MAHOOD, Secretary, 

U. S. Navy Yard, Brooklyn, N. Y. 

J. J. CRAIN, Quincy, Mass. Ë 
MAXWELL W. DAY, Schenectady, N.Y. 
W. L. R. EMMET, Schenectady, N.Y. 
Р. C. HANKER, Wilkinsburg, Pa. 
H.L. HIBBARD, Milwaukee, Wis. 
GUY HILL, Brooklyn, N. Y. 
H. A. HORNOR, Philadelphia, Pa. 
O. P. LOOMIS, Newport News, Va. 
G. A. PIERCE, Jr., Philadelphia, Pa. 
ELMER A. SPERRY, Brooklyn, N. Y. 
F. W. WOOD, New York. 


PRIME MOVERS COMMITTEE 


H. G. STOTT, Chairman, 
600 West 59th Street, New York. 
F. G. GASCHE, Chicago, Ill. 
W. S. GORSUCH, New York. 
P. JUNKERSFELD, Chicago, Ill. 
DANIEL W. MEAD, Madison, Wis. 
R. J. S. PIGOTT, New York. 
G. I. RHODES, Boston, Mass. 


ELECTROPHYSICS COMMITTEE 


J. B. WHITEHEAD, Chairman, 
Johns Hopkins University, Baltimore, Md. 
EDWARD BENNETT, Madison, Wis. 
H. L. BLACKWELL, Cambridge, Mass. 
W. S. FRANKLIN, South Bethlehem, Pa. 
E. P. HYDE, Cleveland, Ohio. 
E. L. NICHOLS, Ithaca, N. Y. 
G. W. PIERCE, Cambridge, Mase. 
M. I. PUPIN, New York. 
E. B. ROSA, Washington, D. C. 
HARRIS J. RYAN, Stanford University, Cal. 
CHARLES P.STEINMETZ,Schenectady, N.Y. 
WILLIAM R. WHITNEY, Schenectady, N. Y. 
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ELECTRIC POWER COMMITTEE 


DAVID B. RUSHMORE, Chairman, E. А. LOP, Secretary, 
P. AND M., Dert., General Electric Company. Р. AND M. DEPT., General Electric Company, 
Schenectady, N. Y. Schenectady, N. Y. 


and the members of the following sub-committees: 


1. Power Stations. 4. Transmission— Continued 
DUGALD C. JACKSON, Chairman. A. L. HARRINGTON, Raleigh. N. C. 
Massachusetts Institute of Technology, R. S. KELSCH, Montreal, P. Q. 
Boston, Mass. J. A. LIGHTHIPE, Los Angeles, Cal. 
P. G. BAUM, San Francisco, Cal. P. M. LINCOLN, Pittsburgh, Pa. 
P. O. BLACKWELL, New York. J. B. MAHONEY, Shelburne Falls, Mass. 
N. A. CARLE, Newark, N. J. C. S. MacCALLA, Spokane, Wash. 
HUGH HAZELTON, New York. R. J. MCCLELLAND, New York. 
A. H. KRUESI, Schenectady, N. Y. W. E. MITCHELL, Birmingham, Ala. 
В. G. LAMME, Pittsburgh, Pa. F. B. H. PAINE, New York. 
J. A. LIGHTHIPE, Los Angeles, Cal. R. A. PHILIP, Boston, Mass. 
IRVING E. MOULTROP, Boston, Mass. C. S. КОРРМЕВ. St. Louis, Mo. 
L. L. PERRY, Chicago, Ill. W. N. RYERSON, Duluth, Minn. 
R. A. PHILIP, Boston, Mass. JULIAN C. SMITH, Montreal, P. Q. 
A. E. POPE, Shelburne Falls, Mass. R. M. WILSON, Westmount, Que. 
FRANK SARGENT, Boston, Mass. T. A. WORCESTER, Schencctady, N. Y. 


J. F. VAUGHAN, Boston, Mass. 
5. Distribution. 


P. JUNKERSFELD, Chairman, 


2. Power Generation Committee. 120 West Adams Street, Chicago, Ill. 

| E. J. BLAIR, Oak Park, Ill. 

H. W. BUCK, Chairman, W. G, CARLTON, New York. 
49 Wall Street, New York H. B. GEAR, Chicago, Ill. 

ALLAN V. GARRATT, Holliston, Mass. HAROLD GOODWIN, Philadelphia, Pa. 

F. G. GASCHE, Chicago, Ш. — P. M. LINCOLN, Pittsburgh, Pa. 

DANIEL W. MEAD, Madison, Wis. E. B. MERRIAM, Schenectady, N. Y. 

S. D. SPRONG, Brooklyn, N. Y. W. S. MURRAY, New Haven, Conn. 


RALPH H. RICE, Chicago, Ill. 


9. Protective Apparatus. PHILIP TORCHIO, New York. 


CHARLES P. STEINMETZ, Chairman, 6. Economics 
General Electric Company, Schenectady, N. Y. | 
E. E. P. CREIGHTON, Schenectady, N. Y. WILLIAM McCLELLAN, Chairman, 


141 Broadway, New York. 
R. P. JACKSON, Swissvale, Pa. E. J. CHENEY, Secretary, 
N. J. NEALL, Boston, Mass. 
4 Bedford Road, Schenectady, N. Y. 

FARLEY OSGOOD, Newark, N. J. 

FARLEY G. CLARK, Toronto, Ont. 
Р. W. PEEK, Jr., Schenectady, N. Y. 

W. S. GORSUCH, New York. 
JOHN Н. RODDY, Charlotte, N. C. š 

: P. JUNKERSFELD. Chicago, Ill. 

R. F. SCHUCHARDT, Chicago, Ill. : 

W. N. RYERSON, Duluth, Minn. 
S. D. SPRONG, Brooklyn, N. Y. W. S. TWINING, New York 
PERCY H. THOMAS, New York, vee E ans 


7. Engineering Data. 
4. Transmission 
PERCY H. THOMAS, Chairman, 

P. W. SOTHMAN, Chairman, 2 Rector Street, New York. 

17 Battery Place, New York. N. A. CARLE, Newark, N. J. 
H. W. BUCK, New York. F. F. FOWLE, New York. 
C. I. BURKHOLDER, Charlotte, N. C. H. M. HOBART, Schenectady, N. Y. 
MARKHAM CHEEVER, Salt Lake City, Utah L. E. IMLAY, Niagara Falls, N. Y. 
V. G. CONVERSE, Niagara Falls, N. Y. O. A. KENYON, New York. 
P. M. DOWNING, San Francisco, Cal. A. S. McALLISTER, New York. 
O. H. ENSIGN, Los Angeles, Cal. C. S. McDOWELL, New York. 


G. FACCIOLI, Pittsfield, Mass. HAROLD PENDER, Boston, Mass. 
P. M. PARMER, New York. E. B. ROSA, Washington, D. C. 
VICTOR H. GREISSER, Spokane, Wash. W. S. RUGG, New York. 

P. T. HANSCOM, San Francisco, Cal. C. E. SKINNER, Pittsburgh, Pa, 


JOHN HARISBERGER, Seattle, Wash. C. W. STONE, Schenectady, N. Y. 
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ELECTRIC ILLUMINATION COMMITTEE 
CLAYTON H. SHARP, Chairman, 

556 East 80th Street, New York. 
LOUIS BELL, West Newton, Mass. 


C. E. EVELETH, Schenectady, N. Y. 

W. S. GORSUCH, New York. 

HUGH HAZELTON, New York. 

E. R. HILL, New York. 

W. S. MURRAY, New Haven, Conn. 

A. S. RICHEY, Worcester, Mass. | 
CLARENCE, RENSHAW, Pittsburgh. Pa. 
MARTIN SCHREIBER, Newark, N. J. 
N. W. STORER, East Pittsburgh, Pa. 

B. P. WOOD, New York. 


COMMITTEE ON RECORDS AND 
APPRAISALS OP PROPERTIES. 


W. B. JACKSON, Chairman, 

111 W. Monroe Street, Chicago, Ill. 
HAROLD ALMERT, Chicago, Ill. 
BION J. ARNOLD, Chicago, Ill. 


PAUL SPENCER, Philadelphia, Pa. 
W. S. TWINING, New York. 
B. F. WOOD, New York. 


EDUCATIONAL COMMITTEE. 


H. H. NORRIS, Chairman, 

103 College Ave., Ithaca, N. Y. 
F. C. BATES, New York. 
G. A. DAMON, Pasadena, Cal. 
C. R. DOOLEY, East Pittsburgh, Pa. 
W. A. HILLEBRAND, Corvallis, Oregon. 
J. P. JACKSON, Harrisburg, Pa. 
G. W. LAMKE, St. Louis, Mo. 
C. L. MEES, Terre Haute, Ind. 
J. H. MORECROFT, New York. 
A. J. ROWLAND, Philadelphia, Pa. 
ROBERT SIBLEY, San Francisco, Cal. 
CHARLES P.STEIN METZ, Schenectady, N. Y. 


PUBLIC POLICY COMMITTBE. 


CALVERT TOWNLEY, Chairman, 
| 165 Broadway, New York. 
WILLIAM McCLELLAN, Vice Chairman, 
141 Broadway, New York. 
W. H. BLOOD, Jr., Boston, Mass. 
H. W. BUCK, New York. 
J. J. CARTY, New York 


JOHN H. FINNEY, Washington, D. C. 
P. JUNKERSFELD, Chicago, Ill. 


L. A. OSBORNE, East Pittsburgh, Pa. 
H. G. STOTT, New York. 


PATENT COMMITTEE. 


RALPH D. MERSHON, Chairman, 
80 Maiden Lane, New York. 
BION J. ARNOLD, Chicago, III. 


PETER COOPER HEWITT, New York. 
JOHN F. KELLY, Pittsfield, Mass. 

H. WARD LEONARD, Bronxville, N. Y. 
M. I. PUPIN, New York. 

A. H. TIMMERMAN, St. Louis, Mo. 

W. E. WINSHIP, Newark, N. J. 

B. F. WOOD, New York. 


TECHNICAL LECTURES COMMITTEE. 


W. I. SLICHTER, Chairman, 
Columbia University, New York. 
WILLIAM A. DEL MAR, Secretary, 
N. Y. C & H. R. R. R. Co, 

Grand Central Terminal, New York. 
L. T. ROBINSON, Schenectady, N. Y. 
W. S. RUGG, New York. 
J. B. WHITEHEAD, Baltimore, Md. 


SPECIAL COMMITTEE ON ORGANIZATION 
OF TECHNICAL COMMITTEES. 


W. S. RUGG, Chairman, 
165 Broadway, New York. 
B. A. BEHREND, Boston, Mass. 
H. W. BUCK, New York. 
BANCROFT GHERARDI, New York. 
F. S. HUNTING, Fort Wayne, Ind. 


ENGINEERING COOPERATION 
COMMITTEE. 


WILLIAM McCLELLAN, Chairman, 
141 Broadway, New York. 
Н.Н. BARNES, Jr., New York. 
A. W. BERRESFORD, Milwaukee, Wis. 
C. E. SCRIBNER, New York. 
S. D. SPRONG, Brooklyn, N. Y. 
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MEMBERSHIP COMMITTEE. 


A. M. SCHOEN, Chairman, 

Equitable Building, Atlanta Са. 
E. W. ALLEN, Chicago, Ill. 
E. A. BALDWIN, Schenectady, N. Y. 
F. J. BULLIVANT, St. Louis, Mo. 
O. B. COLDWELL, Portland, Ore. 
MAURICE COSTER, New York. 
BANCROFT GHERARDI, New York. 
A. H. LAWTON, New York. 
S. J. LISBERGER, San Francisco, Cal. 
N. J. NEALL, Boston, Mass. 
K. C. RANDALL, East Pittsburgh, Pa. 
Н. CLYDE SNOOK, Philadelphia, Pa. 


CONSTITUTIONAL REVISION COMMITTEE 


BANCROFT GHERARDI, Chairman, 
15 Dey Street, New York. 
P. L. HUTCHINSON, Secretary, New York. 
DUGALD C. JACKSON, Boston, Mass. 
P. M. LINCOLN, Pittsburgh, Pa. 
A. S. McALLISTER, New York. 
WILLIAM McCLELLAN, New York. 
W. S. MURRAY, New Haven, Conn. 
W. S. RUGG, New York. 
N. W. STORER, East Pittsburgh, Pa. 
H. G. STOTT, New York. 
P. H. THOMAS, New York. 
CALVERT TOWNLEY, New York. 
W. D. WEAVER, Charlottesville, Va. 


U. S. NATIONAL COMMITTEE OF THE 
INTERNATIONAL ELECTROTECHNICAL 
COMMISSION 


FRANCIS B. CROCKER, President. 

_ 14 West 45th St, New York. 
A. E. KENNELLY, Secretary, 

Harvard University, Cambridge, Mass. 

C. A. ADAMS, Cambridge, Mass. 
PREDERICK BEDELL, Ithaca. N. Y. 
LOUIS BELL, West Newton, Mass. 
J. J. CARTY, New York. 
GANO DUNN, New York. 
CARL HERING, Philadelphia, Pa. 
H. M. HOBART, Schenectady, N. Y. 
P. JUNKERSPELD, Chicago, II... 
C. O. MAILLOUX, (ExOfficio) New York. 
В. С. LAM ME, Pittsburgh, Pa. 
J. W. LIEB, Jr., New York. 
E. B. ROSA, Washington, D. C. 
CHARLES F. SCOTT, New Haven, Conn. 
CLAY TON H. SHARP, New York. 
SAMUEL SHELDON, Brooklyn, N. Y. 
CHARLES P. STEINMETZ, Schenectady, N. Y. 
HENRY G. STOTT, New York. 
S. W. STRATTON, Washington, D. C. 
BLIHU THOMSON, Lynn, Mass. 


INDEXING TRANSACTIONS COMMITTEE. 


GEORGE I. RHODES, Chairman, 


111 Devonshire Street, Boston, Mass. 
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COMMITTEE ON CODE OF PRINCIPLES 
OF PROFESSIONAL CONDUCT. 


GEORGE F. SEVER, Chairman, 
13 Park Row, New York. 
H. W. ВОСК, New York. 
GANO DUNN, New York. 
JOHN F. KELLY, Pittsfield, Mass. 
SCHUYLER SKAATSWHEELER, 
Ampere, N. J. 


INTERNATIONAL ELECTRICAL CONGRESS, 
SAN FRANCISCO, 1916. 


EXECUTIVE COMMITTEE OF COMMITTEE 
ON ORGANIZATION. 


CHARLES P. STEINMETZ, Honorary Presi- 
dent of Congress. 


E. B. ROSA, Honorary Secretary of Congress. 


H. G. STOTT, Chairman, 
600 West 59th Street, New York. 


JOHN W. LIEB, Jr., Vice-Chairman, 


C. O. MAILLOUX, Chairman, Sub-Committee 
on International Relations, 


A. E. KENNELLY, Chairman, Sub-Committee 
on Program, 


HENRY A. LARDNER, Chairman, Sub-Com- 
mittee on Pacific Coast Relations, 


H. H. BARNES, Jr.. Chairman, Sub-Committee 
on Transportation. 


GEORGE F. SEVER, Chairman, Sub-Commit- 
tee on Entertainment. 


PRESTON S. MILLAR, Secretary-Treasurer 
and Chairman, Sub-Committee on Pub- 
licity. 556 East 80th Street, New York. 


P. L. HUTCHINSON, Secretary, A. I. E. E. 
(Ex Officio). 


NEW YORK RECEPTION COMMITTEE. 


A. H. LAWTON, Chairman, 

55 Duane Street, New York. 
H. H. BARNES, Jr., New York. 
F. C. BATES, New York. 
H. M. BRINCKERHOFF, New York. 
W. G. CARLTON, New York. 
MAURICE COSTER, New York. 
D. C. DURLAND, New York. 
H. W. FLASHMAN, New York. 
HENRY, FLOY, New York. 
J. W. LIEB, Jr.. New York. 
H. B. LOGAN, New York. 
WILLIAM McCLELLAN, New York. 
W. E. McCOY, New York. 
P. A. MUSCHENHEIM, New York. 
FARLEY OSGOOD, Newark, N. J. 
F. A. PATTISON, New York. 
C. E. SCRIBNER, New York.. 
GEORGE F. SEVER, New York. 
SAMUEL SHELDON, Brooklyn, 
S. D. SPRONG, Brooklyn, N. Y. 
PERCY H. THOMAS, New York. 
CALVERT TOWNLEY, New York. 
W. F. WELLS, Brooklyn, N. Y. 


N. Y. 
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HISTORICAL MUSEUM COMMITTEE. COMMITTEE ON RELATIONS OF 
T. C. MARTIN, Chairman, CONSULTING ENGINEERS. 


29 West 39th Street, New York. LEWIS B. STILLWELL, Chairman, 


JOHN J. CARTY, New York. 100 Broadway, New York. 
CHARLES L. CLARKE, Schenectady, N. Y. FRANCIS BLOSSOM, New York. 

LOUIS DUNCAN, New York. H. W. BUCK, New York. 

E. W. RICE, Jr.. Schenectady. N. Y. GANO DUNN, New York. 

CHARLES P. SCOTT, New Haven, Conn. O. S. LYFORD, Jr., New York. 

PRANK J. SPRAGUE, New York. D. P. ROBINSON, Chestnut Hills, Mase. 


EDISON MEDAL COMMITTEE. 


Appointed by the President for terms of five years. 


Term expires July 31, 1918. Term expires July 31, 1917. 
Н. W. BUCK, New York. A. E. KENNELLY, Cambridge, Mass. 
J. FRANKLIN STEVENS, Philadelphia, Pa. H. WARD LEONARD, Bronxville, N. Y. 
P. A. SCHEFFLER, New York. ROBERT T. LOZIER, New York. 

Term expires July 31, 1916. Term expires July 31, 1915. 
FRANK J. SPRAGUE, New York. ELIHU THOMSON, Lynn, Mass. 
SCHUYLER SKAATS WHEELER, Chairman, J. W. LIEB, Jr., New York. 

Ampere, N. J. 

W. D. WEAVER, Charlottesville, Va. E. L. NICHOLS, Ithaca, N. Y. 


Term expires July 31, 1914. 


PHILIP P. BARTON, Niagara Falls, N. Y. J. J. CARTY, New York. | 
J. G. WHITE, New York. 


Elected by the Board of Directors from its own membership for terms of two years. 


Term expires July 31, 1915. Term expires July 31, 1914. 
H. H. BARNES, Jr. New York. FARLEY OSGOOD, Newark, N. J. 
WILLIAM McCLELLAN, New York. RALPH D. MERSHON, New York. 
S. D. SPRONG, New York. CHARLES E. SCRIBNER, New York. 


š Ex-Officio Members. 


C. O. MAILLOUX, President, New York. 
GEORGE A. HAMILTON, Treasurer, F. L. HUTCHINSON, Secretary, 
Elizabeth, N. J. New York. 


INSTITUTE REPRESENTATIVES 


ON BOARD OF AWARD, JOHN FRITZ MEDAL. 


DUGALD C. JACKSON, Boston, Mass. RALPH D. MERSHON, New York. 
GANO DUNN, New York. C. O. MAILLOUX, New York. 


ON BOARD OF TRUSTEES, UNITED ENGINEERING SOCIETY. 


GANO DUNN, New York. CHARLES E. SCRIBNER, New York. 
H. H. BARNES, Jr., New York. 


ON LIBRARY BOARD OF UNITED ENGINEERING SOCIETY. 


SAMUEL SHELDON, Brooklyn N. Y. MALCOLM MacLAREN, Princeton, N. J. 
F. B. JEWETT, New York. W. I. SLICHTER, New York. 
Р. L. HUTCHINSON. New York. 


== - — =— — Qn 
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INSTITUTE REPRESENTATIVES 


(Continued.) 


ON ELECTRICAL COMMITTEE OP NATIONAL FIRE PROTECTION ASSOCIATION. 
The Chairman of the Institute's Code Committee, Farley Osgood, Newark, N. J. 


ON ADVISORY BOARD OF AMERICAN YEAR-BOOK. 
EDWARD CALDWELL, New York. 


ON ADVISORY BOARD, NATIONAL CONSERVATION CONGRESS. 
CALVERT TOWNLEY, New York. 


ON COUNCIL ОР AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE. 
W. S. PRANKLIN, South Bethlehem, Pa. G. W. PIERCE, Cambridge, Mass. 


ON CONFERENCE COMMITTEE ОР NATIONAL ENGINEERING SOCIETIES. 
CALVERT TOWNLEY, New York. WILLIAM McCLELLAN, New York. 


ON JOINT COMMITTEE ON ENGINEERING EDUCATION. 
CHARLES PF. SCOTT, New Haven, Conn. SAMUEL SHELDON, Brooklyn, N. Y. 


ON AMERICAN ELECTRIC RAILWAY ASSOCIATION'S COMMITTEE 
ON JOINT USE OF POLES 


FARLEY OSGOOD, Newark, N. J. Р. B. H. PAINE, New York. 
PBRCY H. THOMAS, New York. 


ON NATIONAL JOINT COMMITTEE ON OVERHEAD LINE CONSTRUCTION. 


PARLEY OSGOOD, Newark, N. J. F. B. H. PAINE, New York. 
PERCY H. THOMAS. 


ON NATIONAL COMMITTEE ON ELECTROLYSIS 


BION J. ARNOLD, Chicago, Ill. Р. N. WATERMAN, New York. 
PAUL WINSOR, Boston, Mass. 


ON JOINT COMMITTEE ON LEGISLATION RELATIVE TO REGISTERING ENGINEERS. 
WILLIAM McCLELLAN, New York. S. D. SPRONG, New York. 


ON BOARD OF MANAGERS, PANAMA-PACIFIC INTERNATIONAL ENGINEERING 
CONGRESS, 1916. 
A. M. HUNT, San Francisco, Cal. J. G. DEREMER, San Francisco, Cal. 
And the PRESIDENT and SECRETARY of the Institute. 


ON NATIONAL COMMITTEE OF INTERNATIONAL ILLUMINATION COMMISSION. 


A. E. KENNELLY, Cambridge, Mass. C. O. MAILLOUX, New York. 
CLAYTON H. SHARP, New York. 


LOCAL HONORARY SECRETARIES. 


JAMES 8. PITZMAURICE, WILLIAM G. T. GOODMAN, 
G. P. O. Perth, Australia. Adelaide, South Australia. 
GUIDO SEMENZA, ROBERT JULIAN SCOTT. 
N. 10, Via S. Radegonda, Milan, Italy. Christ Church, New Zealand, 
L. A. HERDT, McGill University, Montreal, Que HENRY GRAFTIO, St. Petersburg, Russia. 
CLARE P. BEAMBS, RICHARD O. HEINRICH, 
Bangalore, Mysore Province, India - Genest-str. 5 Schoeneberg, Berlin, Germany. 
А. 8. GARPIBLD, 67 Avenue de Malakoff, Paris, France. 


PROCEEDINGS OF A. I. E. E. 


Name and when Organized 


Atlanta.......... Jan 
Baltimore........ Dec. 
Boston.......... Feb. 
Chicago................ 
Cleveland........ Sept. 


Detroit-Ann Arbor.Jan. 


Fort Wayne...... Aug. 


[ndianapolis-Lafayette . Jan. 


Ithaca........... Oct 
Los Angeles...... May 
Lynn............ Aug 
Madison......... jan 
Мехісо.......... Dec 
Milwaukee Feb. 
Minnesota... .... Apr 
Panama......... Oct 
Philadelphia...... Feb. 
Pittsburgh....... Oct. 
Pittsfield........ Mar. 
Portland, Ore..... May 
St. Louis......... Jan. 
San Francisco... Dec 
Schenectady..... Jan. 
Seattle.......... Jan. 
Spokane......... Feb. 
Toledo.......... June 
Toronto.......... Sept 
Urbana.......... Nov 
Vancouver....... Aug 


Washington, D.C..Apr. 


Total, 30. 


16, 


13, 


"04 


(Мау 


LIST ОЕ SECTIONS 


Revised to May 1, 


Chairman 
A. M. Schoen. 
J. B. Whitehead. 
N. J. Neall 
D. W. Roper. 
J. C. Lincoln. 
A. R. Sawycr. 
T. W. Behan. 
O. S. More. 
E. L. Nichols. 
E. R. Northmore. 
E. R. Berry. 
Edward Bennett. 
Norman Rowe. 
L. E. Bogen. 


W. T. Ryan, 


Edward Schildhauer. 


A. R. Cheyney. 
A. M. Dudley. 
J. J. Frank. 


G. P. Nock. 

F. J. Bullivant. 
A. H. Griswold. 
George H. Hill. 
S. C. Lindsay. 
J. B. Fisken. 
George E. Kirk. 
D. H. McDougall. 
Morgan Brooks. 
E. M. Breed. 
H. C. Eddy. 


1914. 


Secretary 


H. M. Keys, 
Southern Bell Tel. & Tel. Co., Atlanta, Ga. 


L. M. Potts 
Industrial "Building, Baltimore, Md. 


L. L 
39 Во Street, Boston, Mass. 


E. W. Allen, 
1028 Monadnock Building, Chicago, Ill. 


R. E. Scove 
1663 East seth Street, Cleveland, Ohio. 


Ray K. Holland, 
Cornwell Building, Ann Arbor, Mich. 


P. H. Haselton, 
Fort Wayne Electric Works 
Ft. Wayne, Ind. 


G. B. Schley, 
908 Hume-Mansur Building, Diana 
nd. 
George S. Macomber, 
Cornell University, Ithaca, N. Y. 
C. G. Pyle, 
914 Hibernian Bldg., Los Angeles, Cal. 
J. A. McManus, Jr., 
General Electric Co., Lynn, Mass. 
F. A. Kartak. 
Univ. of Wisconsin, Madison, Wis. 
James Carson, 
Mexican Light and Power Company, 
Mexico City, Mexico. 
L. P. Coulter, 
2500 Chestnut Street, 
Milwaukee, Wis. 
Fred G. Dustin, 
9 South Fifth St., Minneapolis, Minn. 
W. R. McCann, | 
Isthmian Canal Commission, 
Culebra, Canal Zone. 
H. F. Sanville, 
1326 Chestnut St., Philadelphia, Pa. 
E. R. Spencer, 
814 Frick Building, Pittsburgh, Pa. 
G. W. Wade, 
General Electric Company, Pittsfield, Mass. 
R. F. Monges, 


G. E. Co., Electric Building, Portland, Ore. 
A. McR. Harrelson, 
En piene Mfg. Co., St. Louis, Mo. 


‘alto Building, San Francisco, Cal. 
John R. Hewett, 

Gen. Elec. Co., Schenectady, N. Y. 
E. A. Loew, 

University of Washington, Seattle, Wash. 

Peirce, 

Box 1436, Spokane, Wash. 
Max Neuber, 

Cohen, Freidlander & Martin, Toledo, O. 
H. T. Case, 

Continental Life Bldg., Toronto, Ont. 
I. W. Fisk, 

University of Illinois, Urbana, Ill. 
L. G. Robinson, 

1003 Holden Building, Vancouver, B. C. 
C. B. Mirick. 

1330 New York Avenue, 


N.W., Washington, D.C. 
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LIST OF BRANCHES 


Revised to May 1, 1914. 


Name and when Organized. Chairman Secretary 


Agricultural and Mechanical 


College of Texas..... Nov. 12, '09 | D. B. Pickens. E. C. Rack, 

A. & M. College, College Station, Tex. 
Arkansas, Univ. of...... Mar. 25, '04 | S. S. McGill. M. B. Roys, 

Univ. of Arkansas, Fayetteville, Ark. 
Armour Institute........ Feb. 26, '04 | E. L. Nelson. T. C. Bolton, 

Armour Inst. Tech., Chicago, Ill. 
Bucknell University..... May 17,10 | Р.О. Schnure. J. M. Hillman, 

: Bucknell University, Lewisburg, Pa. 

California, Univ. of...... Peb. 9, '12 | Charles Z. Yost. L. E. Rushton, 

University of California, Berkeley, Cal. 
Cincinnati, Univ. of..... Apr. 10, '08 | John H. Stewart. | J. S. Bishop. 

2345 Kemper Lane, Cincinnati, Ohio. 
Clemson Agricultural Col- 


lege................. Nov. 8,712 |P. J. Jervey. P. H. McDonald, 
f Clemson College, S. C. 


Colorado State Agricul- 
tural College.......... Feb. 11, '10| L. M. Klinefelter. | R. K. Havighorst. 
Colorado State Agricultural College, 
Fort Collins, Colo. 
Colorado, Univ. of...... .Dec. 16,04 | L. E. Sweitzer. Frank A. r d 
University of Colorado, Boulder, Colo. 


Highland Park College..Oct. 11,'12| E. B. Williams, Ralph R. Chatterton, 
Highland Park College, Des Moines, 


Iowa. 
lowa State College..... Apr. 15, '03 | Earle G. Nichols. | F. A. Robbins, 
; Iowa State College, Ames, lowa. 
Iowa, Univ. of......... May. 18, '09 | J. H. Scanlon. A. H. Ford, 
University of Iowa, Iowa City, Ia. 
Kansas State Agr. Col...Jan. 10, '08 | L. O'Brien. W. C. Lane, 
Kansas State Agric. Col., Manhattan, 
an, 
Kansas, Univ. of....... Mar. 18, '08 | H. C. Hansen. L. M. Bocker, 


Univ. of Kansas, Lawrence, Kansas. 


Kentucky State Univ. of Oct. 14, '10 | Н.В. Hedges. H. Tyler Watts, 
315 East Maxwell Street, Lexington, Ky. 


Lafayette College.......Apr. 5, '12 |G. P. Ellis. V. A. Davison. 
Lafayette College, Easton, Pa. 


Lehigh University...... Oct. 15, '02 | W. B. Todd. G. Forster, 
Lehigh University, S. Bethlehem, Pa. 


Lewis Institute ........ Nov. 8,'07 | A. H. Fensholt, Fred A. Rogers, 
Lewis Institute, Chicago, Ill. 


Maine, Univ. of........ Dec. 26, '06 | C. M. Kelley. E. L. Getchell, 
| University of Maine, Orono, Maine. 


Michigan, Univ. of...... Mar. 25, '04 | P. H. Evans. E. T. Anderson, 
608 Mary Court, Ann Arbor, Mich. 


Missouri, Univ. of...... Jan. 10, 03 | Н. B. Shaw. E. W. Kellogg. 
9 Engineering Building, Columbia, Мо, 


Montana State Col...... Мау 21, 407 | Max W. Kenck. | Ј. A. Thaler, 
Montana State College, Bozeman, Mont. 


[May 


Secretary 


V. L. Hollister, 
Station A, Lincoln, Nebraska 


James Fontaine, 
West Raleigh, N. С. 


George E. Boesger| Harry Restofski, 


Ohio Northern University, Ada, Ohlo. 


John M. Strait, 
Ohio State Univ., Columbus, Ohio. 


Quentin Graham 
118 Husband St., 


LJ . Hibbard, 
niv. of Oklahoma, Norman, Okla. 


Stillwater, Okla. 


I. L. Olmstead, 


Oregon Agric. Col., Corvallis, Ore 


C. H. Van Duyn, 
Univ. of Oregon, Eugene, Oregon. 
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LIST OF BRANCHES Continued 
Name and when Organized Chairman 
Nebraska, Univ. of...... Apr. 10, '08 | OlinJ. Ferguson. 
New Hampshire Col...... Feb. 19, '09 
North Carolina Col. of Agr. Wm.H.Browne,Jr. 
and Mech. Arts.......Feb. 11,10 
Ohio Northern Univ......Feb. 9, 12 
Ohio State Univ.........Dec. 20, '02 | L. В. Yeager. 
Oklahoma деа апа A. P. Little. 
Mech. Col... ..Oct. 13, '11 
Oklahoma, Univ. of......Oct. 11, 12 | R. D. Evans. 
Oregon Agr. Col......... Mar. 24, '08 | A. O. Manigold. 
Oregon, Univ. of........ Nov. 11, '10 | C. R. Reid. 
Penn State College...... Dec. 20, '02 | A. D. Shultz, 


Pittsburgh, University of.Feb. 26, '14 


Purdue Univ............ Тап. 26, "03 
Rensselaer Poly. Inst.... Хоу. 12, 09 
Rose Polytechnic Inst... . Nov. 10, '11 
Rhode Island State Col.. Mar. 14, '13 
Stanford Univ........... Dec. 13, 07 
Syracuse Univ........... Feb. 24, '05 
Texas, Univ. of. ........ Feb. 14, '08 
Тоду ее et Oct. 14, 10 
Vermont, Univ. of.......Nov. 11, ‘10 
Virginia, Univ. of........ Feb. 9,12 
Wash., State Col. of....Dec. 13, '07 
Washington Univ........ Feb. 6,04 
Washington, Univ. of...Dec. 13, '12 
Worcester Poly. Inst..... Mar. 25, '04 
Yale University ........ Oct. 03, 10 


Total, 48. 


C. F. Harding. 
W. J. Williams, 
Charles Р. Harris. 
Harry Webb. 

G. O. Wilson. 

W. P. Graham. 
Joseph W.Ramsey, 


W.L.Newton, 


Walter S. Rodman 
M. K. Akers. 

R. D. Duncan, Jr. 
A. P. Newbury. 
W. C. Blanchard. 


R. G. Warner. 


A. T. McNeile, 
State College, Pa. 


A. N. Toppi 
Purdue 


H. P. Wilson 
Rensselaer Poly. Institute, Troy, N. Y. 


Claude А. Lyon, 
1331 Liberty Avenue, Terre Haute, Ind. 


P. M. Randall, Rhode Island State 
College, Kingston, R. I 


L. M. Bussert, 


n asi: Lafayette, Ind. 


Stanford University, Cal. 

R. A. Porter. 
Syracuse University, Syracuse, N. Y. 

J. A. Correll. I 
University of Texas, Austin, Tex. 

A. W. Wells, 


Throop Poly. Institute, Pasadena, Cal. 


H. Anderson. Jr., 

1022 West M ain St., Charlottesville, Va. 
H. V. Carpenter, 

State Co i. of Wash., Pullman, Wash. 
C. C. Hardy, 


Washington University, St. Louls, Mo. 


Charles A. Stanwick, 
Univ. of Washington, Seattle, Wash. 


Harry B. Lindsay, 
Worcester Poly. Inst., Worcester, Mase. 


K. B. Jon 
70 Trumbull St., 
New Haven, Conn, 


SECTION II 


PROCEEDINGS 


of the 


Amencan Institute 


of 


Flectrical Engineers 


Papers, Discussions and Reports 


CONTENTS OF SECTION II 


PAPERS TO BE PRESENTED AT NEW YORK, MAY 19, 1914 


The Future of Electric Heating and Cooking in Marine Service. By H. J. Mauger - 
Electricity the Future Power for Steering Vessels. By H.L. Hibbard - - - 


PAPERS TO BE PRESENTED АТ PITTSFIELD, MASS., MAY 28-29, 1914 


Experiences with Line Transformers. By D. W.Roper - - - - a = 
Experience of the Pacific Gas and Electric Company with the Grounded Neutral. By 

J. P. Jollyman, P. M. Downing and F. G. Baum - - - - - - 
Influence of Transformer Connections on Operation. By Louis F. Blume - - 
A Study of Some Three-Phase Systems. By Charles Fortescue - - - - 
Harmonic Voltages and Currents in Y- and Delin-Connectéd Transformers. By 

R. C. Clinker - - - - - - - - - - - - 


Relative Merits of Y and Delta Connection for Alternators. By T. S. Eden - - 


— 


The Present Status of Aluminum-Cell Lightning Arresters. By E. E. F. Creighton, 
New York, February 27, 1914 - - - - - = Š " Я 


Electric Power. Ву David B. Rushmore and Eric А. Lof, New York, February 25, 1914 


Discussion on “ The Dielectric Strength of Thin Insulating, Materials " (Farmer), 
New York, December 12, 1913 - - - - - - > * š 
Discussion on “ Trunk Line Electrification " (Kahler), and “ 2400-Volt Railway 
Electrification " (Hobart), New York, May 20, 1913. (Continued from Novem- 
ber, 1913, PROCEEDINGS). E - - - - - > P. - 
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The Detroit Convention 


The Thirty-First Annual Convention 
of the American Institute of Electrical 
Engineers will be held in Detroit, Michi- 
gan, June 22 to 26, 1914. Тһе conven- 
tion headquarters of the Institute will 
be at the Hotel Pontchartrain, where 
the technical sessions will be held. 
Members are requested to register at 
Institute headquarters оп their arrival at 


Detroit. The following program has 
been arranged: 
PROGRAM 
Monday, June 22 
9:00 Р.м. 


Reception and dance. 


Tuesday, June 23 


10:00 A.M. 
President's Address,by C.O. Mailloux. 


10:45 A.M. 
Committee on Electricityin Marine Work: 
1. Electric Heating as Applied to Ma- 


rine Service, by C. S. McDowell and 
D. M. Mahood. 


2. T he Electrically Driven Gyroscope 
tn Marine Work, by H.C. Ford. 
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12:30 to 2:30 P.M. 
Section Delegates’ luncheon. 


2:30 P.M. 
Automobile trip. 


8:15 P.M. 
Industrial Power Committee: 

З. Direct-Current Motors for Coal and 
Ore Bridges, by R. H. McLain. 

4. Method of Keeping Down Peaks on 
Power Purchased on a Peak Basis, 
by T. E. Tynes. 

5. Concatenated Induction Motors for 
Rolling Mill Drive, by  Wilham 
Oschmann. 

Moving pictures, illustrating opera- 
tion of tube mills, from ore to fin- 
ished pipe. 


8:30 P.M. 
Ladies’ card party. 


Wednesday, June 24 


10:00 A.M. 
Flectro physics Committee: 

б. The Sphere Gap as а Means of 
Measuring High Voltage, by F. W. 
Peek, Jr. | 

7. Тһе Electric Strength of Air—V, by 
J. B. Whitehead and W. 5. Gorton. 

8. Sphere-Gap | Discharge Voltages at 
High Frequencies, by J. C. Clark 
and H. J. Ryan. 


12:30 to 2:30 P.M. 

Section Delegates’ luncheon, 
2:30 P.M. 
Boat trip, sports, ete., and supper 
on Bois Blane Island. | 
EVENING 

Boat trip returning 
Blanc Island. 


Bois 


from 


Thursday, June 25 


10:00 А.М. 
Engineering Data Committee: 
9. Data on High-Tension Transmission 
Systems, by Percy H. Thomas. 
10. Specification for Inspection and Tests 
of High-Tension Line  Insulators, 
Committee Report. 


12:30 to 2:30 P.M. 
Section Delegates' luncheon. 
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2:30 P.M. 


Prime Movers Сотт ее: 

11. Present Status of Prime Movers, bv 
H. С. Stott, W. S. Gorsuch, and 
R. J. S. Pigott. 


Cuble Testing: 

12. Voltage Testing of Cables, bv W. I. 
Middleton and Chester L. Dawes. 
La lies’ putting contest. 


8:15 P.M. 
Presentation of Edison Medal and 
Past-Presidents’ Badges. 
Introduction of President-elect 
Paul M. Lincoln. 


9:30 P.M. 
Dancing and private cabaret. 


Friday, June 26 


9:00 A.M. 
Board of Directors’ meeting. 


10:00 A.M. 


Flectrochemtcal Committee: 

13. Sterilizalion of Water by Ultra- 
Violet Rays, by M. von Reckling- 
hausen. 


Telegraphy and Telephony Committee: 

14. Toll Telephone Traffic, by Frank 
F. Fowle. 

15. A High-Speed Printing Telegraph 
System, by Carl Kinsley. 


12:30 to 2:30 P.M. 
Section Delegates’ luncheon. 


2:30 Р.М. 
Conference of Section Delegates 
and Officers. All members wel- 
° come. 


Entertainment 


Tentative arrangements have been 
made for the following social features: 

Monday evening, June 22: Recep- 
tion and dance at the Hotel Pontchar- 
train, to which all members and their 
guestsare invited. 


Tuesday afternoon, June 23: Sight- 
seeing automobile trip. 

Tuesday afternoon, June 23: Tennis 
and golf tournaments. 

Tuesday evening, June 23: Ladies’ 


card party. 


[June 


Wednesday afternoon, June 24: 
Steamboat trip; sports and supper on 
Bois Blanc Island. 

Thursday afternoon, June 25: Ladies’ 
putting contest. 

Thursday evening, June 25: 
cing and private cabaret. 


Dan- 


The elimination rounds of golf and 
tennis will begin on Tuesday afternoon, 
and therefore entries for the contests 
should be made, with the committees 
in charge, as early as possible. 

Arrangements have been made to 
have the golf contest at the Detroit 
Golf Club, but golf privileges will 
possibly be available also at the Bloom- 
field Hills Country Club. 

Those entering the golf contest may 
have the opportunity of competing for 
the Mershon golf trophy, a very hand- 
some silver cup contributed by Past- 
President Mershon at the Cooperstown 
Convention in 1913. The cup is to be 
finally awarded to the person winning 
the golf championship twice at Institute 
Annual Conventions. 

The tennis elimination matches will 
probably be played at the Detroit Ten- 
nis Club, with the finals at the Detroit 
Golf Club. 

Automobiles will be available for 
members and their guests for shopping 
tours and trips about town without 
charge at all times. 

Arrangements will be made for dan- 
cing every evening during the conven- 
tion. 


Hotel Arrangements 


The Convention Committee has re- 
served tentatively 150 rooms at the 
Hotel Pontchartrain, where the Insti- 
tute will make its headquarters. Each 
member should make his own reserva- 
tions, by communicating directly with 
the hotel, as early as possible. Failure 
to make prompt reservations may re- 
sult in disappointment. It should also 
be noted that the Hotel Pontchartrain 
is operated on the European plan. The 
rates for rooms are as follows: 

Single rooms, running water, $2.00- 
$2.50 per day. 


donum 
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Single rooms, with bath, $3.00-$3.50- 
$1.00-$5.00 per day. 

Double rooms, running water, $3.00- 
$1.00 per day. 

Double rooms, with bath, $5.00- 
$6.00-$7.00-$8.00 per day. 

Suites $8.00-$10.00-$12.00-$15.00 per 
day. 

Registration 

Each member and guest will receive 
upon registration a badge bearing his or 
her name, to be worn during the con- 
vention for the purpose of identification. 
Registration headquarters will be at the 
Hotel Pontchartrain, and it will greatly 
facilitate matters if members and their 
guests will register immediately upon 
arrival. 

Transportation 


No special transportation rates are 
available, and members should consult 
their local ticket agents regarding routes 
and rates. Parlor and sleeping car 
accommodations should be engaged in 
advance. 


Detroit—The Convention City 

The city of Detroit, which has been 
selected for the 1914 A. I. E. E. Annual 
Convention, is essentially a convention 
city, as statistics show that an average 
of 150 conventions of national and in- 
ternational organizations are held in 
Detroit cach year. Of the million or 
more annual visitors to Detroit, about 
one-half go there to attend conventions, 
so that making visitors welcome is one 
of the regular occupations of Detroiters. 

It is believed that the selection of 
Detroit for this year's convention will 
result in a record attendance, as the 
location of the city is very central and 
it is easily accessible by railroad to a 
large part of the membership residing 
in eastern as well as the central western 
states. Detroit is the metropolis of 
Michigan and has a population exceed- 
ing 500,000. It is the seventh city іп 
size in the United States, and is gen- 
erally considered one of the most beauti- 
ful cities in the country. It is well 
known as the center of the automobile 
industry of the world, and its manu- 
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facturing and industrial interests are 
very large and are steadily increasing. 

The natural attractions of Detroit 
make it of special interest to visitors. 
Situated on the Detroit River with its 
numerous and picturesque islands, boat 
rides to numerous pleasure resorts have 
become one of the principal summer 
pastimes at Detroit. One of these re- 
sorts is Bois Blanc Island, located 19 
miles from the city, at the junction of 
the Detroit River with Lake Етіс. On 
this island, which is locally named 
“ Bob-Lo"', the Institute's ‘ outing 
day '" will be spent. Another popular 
resort is Belle Island, a beautiful island 
park situated 21 miles from the center 
of the city in the middle of the river at 
the junction with Lake St. Clair. Other 
boat trips, too numerous to mention in 
detail, reach many points of interest 
along the river and lakes and scveral 
Canadian cities. 


Pacific Coast Convention, 
Spokane, Wash., September 
9-11, 1914 


The sixth annual Pacific Coast 
Convention of the A. I. E. E. will be 
held this year in Spokane, Wash., on 
September 9, 10 and 11, under the aus- 
pices of the Spokane Section of the 
Institute. The arrangements for it are 
being made by the special Convention 
Committee, the personnel of which was 
announced in the May issue of the 
PROCEEDINGS. 

Institute headquarters during the 
meeting will be at the new Davenport 
Hotel, and the sessions will be held 
there. 

The Transportation Committee has 
made arrangements with the railways 
for reduced rates (fare and one-third) 
from all points in California, Nevada, 
Oregon, Washington, Idaho, Montana, 
Wvoming, Utah, Colorado and British 
Columbia. From other points the 
tourist reduced rates will be in effect. 

The Entertainment Committee is 
planning for the visiting ladies a recep- 
tion, a theater party and automobile 
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trips around Spokane and to points 
of interest in the vicinity. On one of 
the evenings there will be given an 
illustrated talk on the International 
Electrical Congress and the Panama- 
Pacific Exposition, San Francisco, 1915. 
This will be combined with some music 
and will be for the ladies as well as the 
men. Arrangements are being made 
(or interesting trips to hydroelectric 
generating stations, under construction 
and in operation, in the vicinity of 
Spokane, and to some of the typical 
substations. 

Further announcements of the details 
of the convention program and the titles 
of papers to be presented will be given 
іп succeeding issues of the PROCEEDINGS. 


Report of Committe of Tellers 
on Election of Officers 


To the President, 
American Institute of Electrical. Fn- 
gineers. 


DEAR Srri—This committee has 
carefully canvassed the ballots cats for 
officers for the year 1914-1915. The 
result is as follows: 


Total number of ballot envelopes received. ..2529 
Rejected on account of bearing no iden- 

tifying name on outer envelope, ac- 

cording to Article VI, Section 33, of 

the Constitution.................... 20 
Rejected on account of voter being in 

arrears for dues on May 1, 1914, as 

provided in the Constitution and By- 

Баз oi sq u Sa re ee aces 79 
Rejected on account of ballot not being 

enclosed in inner envelope, or on ac- 

count of inner envelope bearing an 

identifying name, according to Article 

VI, Section 33, of the Constitution... 51 
Reiected on account of having reached 

the Secretary's office after May 1, ac- 

cording to Article VI, Section 33 of the 

Constitution....................... 18 173 


Leaving as valid ballots............. 2356 


These 2356 valid ballots were counted 
and the result is shown as follows: 


For President 


P. M. Lincoln. eco uie PE a nt RD eS 235] 
Scattering and blank..................... : 5 


[June 
For Vice-Presidents 
F.S.Hunting.................... | bere 2343 
N. W. Storer eiaa алу йж AUR Бека Жа 2343 
Farley Osgood.......................... 2338 
Scattering and Мапк.................... 44 
For Managers 
Frederick Bedell........................ 2324 
B.Gherardi.................... .... bees 2234 
J.H.Finney............................ 2234 
A. S. McAllister.............. << 2170 
E.J. Вет. as etre RACE ARS 305 
Scattering and blank...................... 157 
For Treasurer 
George A. Hamilton............. cee eee 2355 
Scattering and blank..... ГІТ” 1 
Respectfully submitted, 
J. H. PAYNE, chairman, 


S. D. KUTNER. 
ROGER MASON. 
R. W. STAFFORD. 
C. F. THOMPSON. 
Мау 11, 1914. Committee of Tellers 


Directors’ Meeting, New York, 
May 19, 1914 


The Board of Directors of the Insti- 
tute held its regular monthly meeting 
in New York on Tuesday, May 19, at 
3:30 p.m. 

There were present; President C. O. 
Mailloux, New York; Past-President 
Gano Dunn, New York; Vice-Presi- 
dents S. D. Sprong and H. H. Barnes, 
Jr., New York; Managers N. W. Storer, 
Pittsburgh, Pa., Farley Osgood, New- 
ark, N. J., C. A. Adams, Cambridge, 
Mass., J. Franklin Stevens, Philadel- 
phia, Pa., William McClellan, New York; 
Treasurer George A. Hamilton, Eliza- 
beth, N. J.. and Secretary F. L. Hutch- 
inson, New York. 

The action of the Finance Committee 
in approving monthly bills amounting 
to $11,038.35 was ratified. 

The annual reports of the Finance 
Committee, and of the Treasurer, for 
the year ending April 30, 1914, were 
presented and accepted. 

Upon the recommendation of the 
Board of Examiners, the Board of 
Directors transferred one member of 
the Institute to the grade of Fellow 
and four to the grade of Member, elect- 


— a 
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cd two applicants as Members and 54 
as Associates, and ordered the enrol- 
ment of 98 students, in accordance with 
the lists printed in this issue of the PRo- 
CEEDINGS. 

Upon the petition of the Portland 
Section, and the approval of the Sec- 
tions and Finance Committees, the 
territory of that Section was extended 
to include thc following: Corvallis, 
Eugene, The Dalles, Astoria, and Till- 
amook, Oregon, and Winlock, Washing- 
ton. 

Mr. F. L. Hutchinson was unani- 
mously reappointed Secretary of the 
Institute for the coming administrative 
vear, beginning August 1, 1914. 

The Annual Report of the Board of 
Directors, containing a summary of the 
work accomplished during the fiscal 
year ending April 30, 1914, together 
with statements showing the status of 
the Institute's financial affairs, was 
approved. This report was presented 
at the Annual Meeting of the Institute 
in the evening, and is printed in this 
issuc of the PROCEEDINGS. 

'The annual reports of committees for 
the same period, abstracts of which аге 
Incorporated in the directors’ annual 
report, were presented and accepted, 
and the Secretary was instructed to 
transmit to the succeeding committees, 
when appointed, such recommenda- 
tions as may be embodied therein. 

A communication was presented from 
the Library Board of the United En- 
gineering Society requesting the ap- 
pointment of a representative of the 
Institute upon a joint committee to 
consider the question of duplication of 
the exchange of publications and the 
possibility of retrenchment in the ex- 
penses incurred by these duplications. 

The President was authorized to ap- 
point this representative. 

A communication was presented from 
the Board of Trustees of the United 
Engineering SocietvinformingtheBoard 
of the receipt wf a gift from Mr. John 
W. Lieb of a series of volumes covering 
the life and work of Leonardo da Vinci, 
and expressing the hope that Mr. Lieb's 
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gift might lead to other donations of a 
like naturc. 

The Board directed the Secretary to 
express to. Mr. Lieb its appreciation of 
his gift to the United. Engineering So- 
ciety. 

An invitation was presented from 
Cooper Union, New York, to appoint a 
representative of the Institute to attend 
the Cooper Union commencement ex- 
ercises on May 29, at which a tablet to 
the memory of Professor William A. 
Anthony, past-president of the Insti- 
tute, was to be dedicated. 

The matter was referred to President 
Mailloux with power, and he 
quently appointed Past-President John 
W. Lieb to represent the Institute. 


subse- 


Specification and Agreement 
for Joint Use of Poles 


— — 


The American Electrice Railway As- 
sociation appointed a joint committee 
including representatives of the A. I. 
E. E., the N. E. L. A. and the A. T. & 
T. Company to prepare a specification 
to cover the joint use of poles by electric 
light, electrice railway, telephone and 
other interests and to draw up an agrec- 
ment suitable for such joint use. After 
two years' work a draft of specification 
and agreement has been prepared by the 
Joint Committee and 15 now offered for 
criticism by engineers or companies who 
may be interested in the subject. Mem- 
bers of the A. I. E. E. may obtain 
copies of this specification and agrec- 
ment by application to the Secretary. 
All criticisms should be returned to 
Mr. W. J. Harvic, Chairman, American 
Electric Railway Association, 33 West 
39th Street, New York, by July 1, 1914. 


Valuable Giftto Library 


A valuable accession. to. the Joint 
library of the engineering societies, and 
one which will be appreciated by those 
interested in its progressive upbuilding, 
was recently presented to the Board ef 
Trustees of the United. Engineering 
Society by Mr. John W. Lieb. This 
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gift consists of a series of 12 volumes 
relating to the life and work of the dis- 
tinguished Italian. scientist, 
pher, and artist, Leonardo da Vinci. 
Six of the volumes, published under the 
auspices of the Italian Government in 
Milan in 1894, are reproduced from the 
well-known Codice Atlantico. of da 
Vinci. The remaining six include da 
Vinci's notebooks, renderedinto English, 
and a number of miscellancous and in- 
teresting monographs in French and 
German, dealing with various phases 
of the great Itahan’s work. It is the 
hope of the Board of Trustees of the 
United Engineering. Society, and also 
of the Board of Directors of the Insti- 
tute, that. Mr. Lieb's generous action 
may stimulate further donations of 
like nature, and that this collection may 
form the basis of a department com- 
prising the history of the mechanic arts 
in this and other countries, with biog- 
raphies and other literature. of great 
men who have labored in this field. 


philoso- 
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«Testimonial to Mr. Herman 
Aaron, General Counsel of 
the Institute 


At a recent meeting of the Board of 
Directors of the Institute, a special com- 
mittee which had been appointed by the 
Board to consider the question of suit- 
ably expressing to Mr. Herman Aaron 
the Institute’s appreciation of the ser- 
vices rendered by him gratuitously dur- 
ing the ten years he has acted as its 
legal counsel, submitted for the Board's 
consideration the following resolution 
embodying its recommendations: 

Whereas, March the 25th, 1914, is the 10th 
anniversary of the appointment of Messrs. Parker 
and Aaron as General Counsel of the Institute, 
and 

Whereas, the Institute is greatly indcbted 
to Mr. Herman Aaron, as counsel, forhis frequent, 
vital and wholly successful professional services 
throughout this period, for which he has refused 
allemolument, 

Resolved, that the appreciation of the In- 
stitute be expressed to Mr. Aaron by the gift of 
a silver service to be presented, with appropriate 
formalities, on or about March the 25th, 1911. 

Thisresolution wasunanimously adopt- 


ed. and a committee consisting of 
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Messrs. John J. Carty, chairman, C. E. 
Scribner, and S. D. Sprong, was appoint- 
ed to carry out the intent of the resolu- 
tion. 

This committee arranged for the 
presentation of the silver service, con- 
sisting of eight. pieces. of а simple 
and attractive Colonial design, by 
Tifany and Company, at an in- 
formal dinner at the Engineers! Club, 
New York, Tuesday evening, May 19, 
which was attended by members of the 
Board of Directors, the committee, and 
a few personal friends of Mr. Aaron. 
President. Mailloux presided, and the 
presentation address was made by Mr. 
Carty, who is entitled to the credit of 
obtaining the services of Mr. Aaron 
ten years ago, at which time Mr. Carty 
was chairman of the Finance Commit- 
tec and a member of the Board of Di- 
rectors. Mr. Carty spoke feelingly of 
the valuable services rendered by Mr. 
Aaron at the time negotiations were 
being carried on relative to the proposed 
gift by Mr. Carnegie, to the engincer- 
ing profession, of a suitable building 
as a home for the principal national 
engineering societies, and paid a high 
tribute to the public service rendered 
by Mr. Aaron at that time, and also as 
general counsel of the Institute during 
the entire last decade. After an appro- 
priate response by Mr. Aaron, all pres- 
ent expressed in brief addresses their 
high opinion of the able, loyal, and cx- 
cecdingly efficient services rendered by 
Mr. Aaron to the Institute. 


Joint Meeting in Washington, 
'* D. C., April 24-25, 1914 


The 294th meeting of the A. I. E. E. 
Was à joint meeting with the American 
Physical Society, held in Washington, 
D. C., Friday and Saturday, April 24 
and 25, 1914. The Institute's part of 
the program was arranged and con- 
ducted by the Electrophystcs Committee 
and the Washington and Baltimore 
Sections. Five papers were presented 
on behalf of the A. L. E. E., in accord- 
ance with the program published in the 


1914] 


April PROCEEDINGS, and fifty papers 
were presented by members of the 
American Physical Society. Most of 
these papers were briefly abstracted by 
their authors. 

The sessions were held in the new 
electrical laboratory cf the Bureau of 
Standards, which was thrown open so 
that the visitors might inspect its equip- 
ment of instruments and apparatus. 
On the afternoon of April 24 there was 
a demonstration of laboratory methods 
in the Bureau of Standards, and an 
exhibition, under the auspices of the 
American Physical Society, of recently 
developed laboratory, lecture, and re- 
search apparatus supplied by manu- 
facturers, dealers, federal government 
departments, universities, and private 
individuals. 

The five А. I. E. E. papers were pre- 
sented at the session of Friday evening, 
which was followed by a smoker. Оп 
Saturday afternoon. parties of those 
attending the meeting visited various 
points of interest in Washington, under 
the guidance of members of the Wash- 
ington Section of the A. I. E. E. 

An interesting feature of the meeting 
was an address by Sir Ernest Rutherford, 
F.R.S., on “ X-Ray and Gamma-Ray 
Spectra,” describing some of his ex- 
periments in spectrum analysis, using 
some of these extremely short wave- 
lengths. 


А. I. E. E. Annual Meeting in 
New York, May 19, 1914 


The Annual Meeting of the Institute 
(295th meeting) was held on May 19, 
1914, in the auditorium of the Engi- 
neering Societies Building, New York. 

President C. O. Mailloux called the 
mecting to order at 8:40 p.m., and asked 
Secretary F. L. Hutchinson to present 
the report of the Board of Directors for 
the fiscal year ending April 30, 1914. 
Printed copies of the report, which 
а pears in Section JI of this issue, had 
been distributed at the meeting, so 
Secretary Hutchinson merely outlined 
some of the principal points, stating 
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that the Secretary's office would be 
glad at any time to answer inquiries of 
members in regard to any features of 
the Institute's work or finances. On 
motion, duly made and seconded, the 
report was adopted and ordered printed 
in the PROCEEDINGS and TRANSAC- 
TIONS. 

President. Mailloux then called upon 
Mr. J. H. Pavne to present the report 
of the Committee of Tellers on Election 
of Officers. (This report is printcd in 
Section I of this issue.) The president 
thereupon announced the election. of 
the following officers, to assume office 
at the beginning of the administrative 
year, August 1, 1014: President, Mr. 
Paul M. Lincoln, Pittsburgh, Pa.; Vicc- 
Presidents, Messrs. F. S. Hunting, Fort 
Wayne, Ind., Farley Osgcod, Newark, 
N. J., and М. W. Storer, Pittsburgh, Pa.; 
Managers, Messrs. Frederick Bedell, 
Ithaca, N. Y.. J. H. Finney, Washington, 
D. C., Bancroft Gherardi, New York, 
and A. 5. McAllister, New York; 
Treasurer, Mr. George A. Hamilton, 
Elizabeth, N. J. 

The annual business meeting having 
been concluded, President Mailloux 
invited Lieut. C. S. McDowell, U.S. N., 
chairman of the Committee on Use of 
Electricity in Marine Work, to preside 
during the presentation and discussion 
of the two technical papers. 

Mr. H. L. Hibbard first. presented 
his paper, entitled Electricity the Future 
Power for Steering Vessels. Chairman 
McDowell invited all members of the 
Society of Naval Architects and Marine 
Engineers and the American Society of 
Naval Engineers who were present to 


participate іп the discussion. Mr. 
Hibbard's paper was discussed by 
Messrs. G. A. Pierce, Jr., Mathias 


Pfatischer, Maxwell W. Day, R. A. 
Beekman and H. L. Hibbard. 

Mr. H. J. Mauger then presented his 
paper on The Future of Electric Heating 


and Cooking іп Marine Service. This 
was discussed by Messrs. W. S. Hada- 


wav, E. F. Dutton and H. J. Mauger. 
At the close of the discussion the meet- 
ing was adjourned for the social re- 
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union and smoker in the Institute's 
rooms on the 10th floor, This was the 
last New York smoker of the season. 


ae ee 


Addresses Wanted 


Name Former address. 
Oscar Elinore, 121 Rose Lawn 
Drive, Los Ange- 
les, Cal. 


A. R. Harris, Edison Storage 
Battery Co., Or- 


ange, N. J. 


J. F. Hodgson, 793 Westminster 
Road, Brooklyn, 


N. Y. 
1425 N. Y. Life 
Bldg., Chicago, 11. 
Anvone who can give information 
that may assist in. obtaining any of 
these addresses is requested. to com- 
municate with the Secretary of the 
Institute. 


М. G. Rees, 


Recommended for Transfer, 
May 14, 1914 


The Board of Examiners, at its reg- 
ular monthly mecting on May 14, 1914, 
recommended the following members of 
the Institute for transfer to the grades 
of membership indicated. Any objec- 
tion to these transfers should be filed at 
once with the Secretary. 

To THE GRADE OF FELLOW 
DAMON, GEORGE A., Consulting Engi- 
neer, Los Angeles, Cal., Dean, Throop 

College of Technology, Pasadena, Cal. 
KETTERING, CHARLES FRANKLIN, Vice- 

President & General Manager, Day- 

ton Engineering Laboratories Co., 

Dayton. O. 

MULLER, HENRY N., Supt. of Distribu- 
tion, Duquesne Lt. Co., Pittsburgh, Ра. 
Woop, HARRY P., Professor of Electrical 
?ngineering, Georgia School of Tech- 
nology, Atlanta, Ga. 
To THE GRADE OF MEMBER 
ALEXANDER, MAGNUS W. General Elec- 
trie Co., West Lynn, Mass. 
ALLAN, WirLIAM G., Designing Electri- 
cal Engineer, Toronto Power Co., 
Ltd. Niagara Falls, Ont. 


ALLNER, FREDERICK A., General Supt., 
Pennsylvania Water & Power Co., 
Baltimore, Md. 

Cary, WALTER, Vice-President and 
General Manager, Westinghouse 
Lamp Co., New York N. Y. 

CLAYTOR, WILLIAM G., Supt. Light & 
Power Dept., Roanoke & Electric 
Railway Co., Roanoke City, Va. 

CUNNINGHAM, EDWARD ROBERT, Elec- 
trical Engineer, Oregon Electric & 
United Railways, Portland, Orce. 

DeL MAR, WILLIAM A., Technical As- 
sistant, Elec. Dept., N. Y. C. & H. 
R. R. R. Co., New York, N. Y. 

FRANK, KARL GEORG, Representative, 
Siemens & Halske A. G., & Siemens- 
Schuckert Werke С. m. b. H., Berlin, 
Germany. 

Joses, HAMILTON McRary, Supt., 
Lighting Division, Porto Rico Rail- 
way & Power Co., Consulting Elec- 
trical Engineer, Government P. R. 
Irrigation Service, San Juan, P. R. 

PARKER, RALZEMOND DRAKE, Engineer, 
American Telephone & Telegraph 
Co., New York, N. Y. 

SNOW, JOHN EpwiN, Professor of Elec- 
trical Engineering, Armour Institute 
of Technology, Chicago, Ill. 


Transferred to the Grade of 
Fellow May 19, 1914 


The following Member was trans- 
ferred to the grade of Fellow of the In- 
stitute at the meeting of the Board of 
Directors on May 19, 1914. 
FECHHEIMER, CARL J., Crocker- Wheeler 

Co., Ampere, N. J. 


Transferred to the Grade of 
Member May 19, 1914 


— Pn 


The following Associates were trans- 
ferred to the grade of Member of the 
Institute at the mecting of the Board of 
Directors on May 19, 1914. 

BowLING, Vicrog S, Electrical En- 
gineering and Contracting; President, 
Shearer Electrical Construction Co., 
Mexico City, Mexico. 
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Butters, J. H., Engineer in chief, 
Hydro-Electric Power & Metallurgi- 
cal Co. Ltd., Hobart, Tasmania. 

CORNELIUS, MARTIN, Electrical En- 
gineer, Switchboard Div., Engineer- 
ing Dept., Westinghouse Electric & 
Mfg. Co., E. Pittsburgh, Pa. 

RYDER, MALCOLM P., Engineer, Wither- 
bee Igniter Co., Springfield, Mass. 


Members Elected May 19, 1914 

BENTLEY, Еовект O., Division Super- 
intendent, Public Service Electric Co., 
Newark; res, 70 Gamewell St., 
Hackensack, N. J. 

Hiss, FIELDER I., Jr., Engineer, Crocker 
Wheeler Co., Ampere; res., 64 N. 9th 
St., Newark, N. J. 


Associates Elected May 19, 1914 


ALEXANDER, WALTER N., Division 
Electrician, C. G. W. R. R. Co.; res., 
314 10th Ave., Council Bluffs, Ia. 


ALLUM, JoHN, Secretary and Sales 
Manager, National Electrical & En- 
gineering Co. Ltd., Dunedin, N. Z. 

BECKER, EDWARD L., Sales Dept., 
Crocker-Wheeler Co., Ampere; res., 
63 Fourth Ave., East Orange, N. J. 

BENEDICT, Eric G., Construction Engi- 
neering, Crocker-Whecler Co., 2nd 
National Bank Bldg., New Haven, 
Conn. | 

BovpEN, Lewis L., Electrical Con- 
struction Foreman, Isthmian Canal 
Commission, Miraflores Locks; res., 
Y. M. C. A., Corozal, С. Z. 

Britt, Oscar L., Instructor іп Elec- 
trical Engineering, Oklahoma Agri- 
cultural and Mechanical College, 
Stillwater, Okla. 

BULLARD, LESTER H., Foreman Testing, 
Isthmian Canal Commission, Gatun, 
C. Z.; res, Evansville, Wis. 

BuNpv, Oscar H., Chief Engineer, 
Washington & Old Dominion Ry., 
3506 M. St. N.W., Washington, D.C. 
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CARPENTER, RANDOLPH H., Sales En- 
gineer, Westinghouse Electric & Mfg. 
Co., 165 Broadway, New York, N. Y. 

Cuu, Fu I, Electrical Engineering 
Student, University of Wisconsin, 
709 University Ave., Madison, Wis. 

CHuNG, Мсо PINFORE, Electrical En- 
gineering Student, University of 
Wisconsin, 709 University Ave., Mad- 
ison, Wis. 

DEACON, RALPH W, Metallurgical 
Superintendent, British America 
Nickel Corp., Ltd.; res., 285 Cedar 
St., Sudbury, Ontario. 

Dye, IRA W., General Foreman, Cris- 
tobal-Balboa Transmission Line, Pe- 
dro Miguel, C. Z. 

Ery, FRANK H., Lineman, Isthmian 
Canal Commission, Corozal, C. Z. 
FALCKE, JOSEPH, Electrician in Charge, 
Lonely Mine, near Bulawayo, Rho- 

desia, South Africa. 

FITZPATRICK, WILLIAM L., 
Isthmian Canal Commission, 
ozal, C. Z.; res., Fairmount, Ind. 


Wireman, 


Cor- 


FREEMAN, J. STUART, Patent Attorney, 
15th and Chestnut Sts., Philadelphia, 
Pa. 


Grove, RICHARD A., Foreman, Isth- 
mian Canal Commission, Pedro Mi- 
guel, C. Z. 

HARDING, GEORGE, Manager, Kaatenai 
Power Co. Paulsen Building, and 
Consumers Co., 1105 Paulsen Build- 
ing, Spokane, Wash. 

HELLENTHAL, JosEPH, Foreman, Elec- 
trical Construction, Puget Sound 
Traction, Light anl Power Co., 
Seattle, Wash. 

HoLLoway, FREDERICK J. H., Elec- 
trical Engineer, Noyes Bros. (Sydney) 
Ltd., 115 Clarence St., Sydney, N. 5. 
Wales, Australia. 

Horz, M. Harry, Chief Line Inspector, 
Electrical Bureau of Philadelphia; 
res., 1902 N. lith St., Philadelphia, 
Pa. 


JousoN, ARTHUR JAMES, Cost Engineer, 
Phoenix Construction Co., Brigham 
City, Utah. 
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JUNCKER, Emit W., Mechanical En- 
gineer, Guanajuato Power & Electric 
Co., Guanajuato; res, El Sabino, 
Curimeo, Mich., Mexico. 

KIMBALL, JAMES Маріѕох, Asst. Con- 
struction Engineer, Providence Tele- 
phone Co.; res, 12 Montague St., 
Providence, R. I. 

Кыс, Evert E., Draughtsman, Baker 
Iron Works; res., 2289 W. 24th St., 
Los Angeles, Cal. 

LANSING, FREDERICK McKay, Night 
Chief Operator, Postal Telegraph- 
Cable Co., Omaha, Nebr. 

LARKIN, J. E. Construction Dept., 
General Electric Co., Pittsfield, Mass.; 
res., 527 Schenectady St., Schenec- 
tady,N. Y. 

LESLIE, WIHLLIAM TREMAINE, Chief 
Electrician, Mackenzie, Mann & Co.; 
res., 3371 Greenshields Ave., Mon- 
treal, Quebec. 

MaRsH, FRANK L., Electrical Drafts- 
man and Inspector, Public Service 
Co. of Northern Illinois; res, 15 
Chalmers Place, Chicago, Ill. 

Mavs, GEORGE C., Electrical Engineer 
Service Dept., Westinghouse Elec- 
tric & Mfg. Co., 37 Wormwood St., 
Boston, Mass. 

MERCER, JAMES M., Engineer, Sales 
Dept., Mine Div., Jeffrey Mfg. Co., 
Pittsburgh, Pa.; res, 1676 N. High 
St., Columbus, Ohio. 

MILLAN, WALTER H., Head Operator 
of Substations, Union Electric Light 
& Power Co., res., 550323 N. Market 
St., St. Louis, Mo. 

Mitrovitcn, Miran S., Electrician, 
Pacific Gus & Electric Co., Drum, 
Placer Co.; res, 1705 Hyde St. 
San Francisco, Cal. 

Moore, [RvEN. W., 
liamsburg, Iowa. 

MORE, CHARLES H., Engineering Dept., 
American Can Co., 447 W. léth St., 
New York, N. Y. 

NELLIS, WAYNE H., Wireman, Isthmian 
Canal Commission, Corozal, C. Z.; 
res., Pawnee, Okla. 

NEUS, Harry E., Representative, Rich- 
mond Electric Works, 30 Church St.; 
гев. 451 E. 116th St., New York, N.Y. 


Electrician, Wil- 
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Owens, Roy, Supt., Operating Dept., 
Automatic Electric Co.; res., 7410 
Crandon Ave., Chicago, Ill. 

PARKER, H. V., Electrical Foreman, 
Isthmian Canal Commission, Gatun, 
C. Z.; res., Newark, Ohio. | 

PAUL, CLAUDE WILLIs, Engineer, West- 
ern Electric Co., 463 West St., New 
York, N. Y. : 

PERRY, BERTWIN L., Supt. Engineering 
Dept., Burnham Frith Electric Co. 
Ltd., Edmonton, Alta. 


SATO, YASUNORI, Assistant Engineer, 
Inawashiro Hy dro- Electric Power Co. 
Ltd., Tokyo, Japan. 

SCHIRTZINGER, FRANK E., Superinten- 
dent, Middletown Gas & Electric 
Co., Middletown, Ohio. 

SCHULER, LEO, General Secretary, Elek- 
trotechnischen Vereins, Tulpen- 
strasse 5, Berlin-Lichterfelde, Ger- 
many. 

SHIRE, Harry I., Sales of Electrical 
Apparatus, 1310 Majestic Building, 
Detroit, Mich. 

SHOLL, WILLIAM E., Sub-Station Con- 
struction, Washington Water Power 
Co., Mullan, Idaho. 

SILVER, NATHANIEL H., Manager, Seat- 
tle Office, Pierson Roeding & Co., 
522 Colman Bldy., Seattle, Wash. 

SMITH, HAROLD REGINALD, Asst. Elec- 
trical Engineer, $20 City Hall, 
Toronto, Ontario. 

STANGE, Harry D., Electrician, 723 
N. Spaulding Ave., Chicago, Ill. 

WiLcox, RaLPH B., Salesman, Standard 


Underground Cable Co., 700 West- 
inghouse Bldg., Pittsburgh, Pa. 


WILSON, ALEXANDER, Asst. Designing 
Engineer, Cedar Rapids Mfg. & 
Power Co., Power Bldg., Craig St., 
Montreal, Que. 


WOODHOUSE, GEORGE E. General Fore- 
man,Toronto Power Co.,Toronto,Ont. 


WRIGHT, CLYDE F., Wire Chief, Postal 
Telegraph-Cable Co., 319 Fourth 
St., Des Moines, Iowa. 

Total 54. 


1914] 


Applications for Election 

Applications have been received by 
the Secretary from the following candi- 
dates for election to membership in the 
Institute. Unless otherwise indicated 
the applicant has applied for admission 
as an Associate. If the applicant has 
applied for direct admission to a higher 
grade than Associate, the grade follows 
immediately after the name. Any 
member objecting to the election of any 
of these candidates should so inform 
the Secretary before June 30, 1914. 


Adams, H. J., Moscow, Idaho. 
Albright, A. S., Detroit, Mich. 
Bell, A. L., Culebra, C. Z. 
Brightbill, F. G., Connellsville, 
Brunet, R. L., Providence, R. I. 
Bullock, O., Pedro Migucl, C. Z. 
Burroughs, F. F., Oxford, Mich. 
Caley, R. D., Corozal, C. Z. 
Carlson, A. U., Spokane, Wash. 
Chamberlin, G. N., Lynn, Mass. 
Connell, C. W.. Corozal, C. Z. 
Cook, C. G., New York, N. Y. 
Cordicr, G., Paris, France. 
Crawford, E. J. (Member), Fresno, Cal. 
Duncan, T. C. (Member), Prince Ru- 
pert, B. C. 
Feehan, J. H., Jr., Gatun, C. Z. 
Fenton, M. F., San Diego, Cal. 
Fletcher, J. Y., London, England. 
Hall, F. S., Lynn, Mass. 
Horn, A. R., Washington, D. C. 
Hull, S. P., Topeka, Ind. 
Johnstone, D. M., Vancouver, B. C. 
Kleene, W. F., Balboa, C. Z. 
Koch, R., Pittsburgh, Pa. 
Kostko, J. K., St. Louis, Mo. 
Lehmpuhl, H. F., Chicago, Ill. 
Leonard, L. D., Cleveland, S. Africa. 
Lyman, V. A., Corozal, C. Z. 
McElroy, B., Spokane, Wash. 
Mertens, B. de M., Vancouver, B. C. 
Moffet, F. V., Jr., Kelowna, B. C. 
Mort, W., New York, N. Y. 
Moy, Frank, Philadelphia, Pa. 
Nagahama, S., Schenectady, N. Y. 
Nordwald, B., Los Angeles, Cal. 
Owens, P. R.(Member),New York, N.Y. 
Ramsay, A. T., Atlanta, Ga. 
Rathbun, B. C., Cannonsburg, Pa. 


Pa. 
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Riddick, A. G., Gurley, Ala. 
Robbins, T. W., Olmstead, Utah. 
Roosevelt, J. K., Panama, Panama. 
Runyon, F. O. (Member), Newark,N. J. 
Russell, B. C., Boise, Idaho. 
Sample, R. M., New York, N. Y. 
Sara, R. A., Winnipeg, Manitoba. 
Schou, T., Minneapolis, Minn. 
Schroeder, J. H., Atlanta, Ga. 
Sinclair, R., Redondo Beach, Cal. 
Smith, V. L., Los Angeles, Cal. 
Thompson, L. W., Buffa,o, N. Y. 
Tucker, F. A., Milwaukee, Wis. 
Webster, R. A., Bozeman, Mont. 
Wilson, L. A., Berkeley, Cal. 


Students Enrolled May 19,1914 


6512 Fernandez, F., Armour Inst. Tech. 
6513 Mertz, R., Ohio Northern Univ. 
6514 Lagaard, A.S.T., Univ. of Minn. 
6515 Meddaugh, E. S., Univ. of Calif. 
6516 Cowle, W. W., Ohio State Univ. 
6517 Walters, E., Ohio State Univ. 
6518 Chilcote, L. R., Univ. of Calif. 
6519 Brown, W. D., Univ. of Toronto. 
6520 Dashley, L. H.. Univ. of Wash. 
6521 Hamilton, F. F., Purdue Univ. 
6522 Lebo, W.F., Purdue University. 
6523 Aldrich, H.P., Purduc University. 
6524 Ringwalt, P.C., Kans. St. Agri.Coll. 
6525 Parkerson, L. R., Kan. St. Agr. Coll. 
6526 Danner, E. C., CarnegieInst. Tech. 
6527 Sontum, W.C.,CarnegieInst. Tech. 
6528 Richter,O.G., Carnegie Inst. Tech. 
6529 Diehl, G. S., Carnegie Inst. Tech. 
6530 Kirk, R. L., Carnegie Inst. Tech. 
6531 Oakes, H., Carnegie Inst. Tech. 
6532 Wilson, J.R., Carnegie Inst. Tech. 
6533 Weber, V. E., Oregon Agri. Coll. 
6534 Asplund, W., Oregon Agri. Coll. 
6535 Ulangold, A.O., Oregon Agri.Coll. 
6536 Mei, Y.C., Worcester Poly. Inst. 
6537 Hildebrandt, E., Lewis Institute. 
6538 Merrick, C. B., Univ. of Cali. 
6539 Ferguson, D.G., Univ. of Toronto. 
6540 Thompson, H. E., Univ. of Ill. 
6541 O'Hagan, B. E., Univ. of Pitts. 
6542 Howard, D.G., WorcesterlPoly.Inst 
6543 Gaines, F.C., Georgia Sch. Tech. 
6544 Todd, W.B., Lehigh University. 
6545 Garrow, E.E., McGill University. 
6546 MacLeod, H. J... Мес Univ. 
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Tull, W. S., Univ. of Toronto. 
Atwell, C.A., Univ. of Nebraska. 
Leavitt, A. R., WorcesterPoly. Inst. 
Jackson, W.H.,GeorgiaSchoolTech 
Freeman, S., Georgia Sch. Tech. 
Hall, H.J., Rensselaer Poly.Inst. 
Weber,C.F.,Renssclaer Poly. Inst. 
Brinkmcier, A. E.H., Univ. of Mo. 
Hennesy, E. N., Worcester Poly. 
Institute 

Wagner,L.E.,Ohio Northern Univ. 
Simonich, J. L., Univ. of Hllinois. 
Wiebmer, A. H., Univ. of Illinois. 
Miller, C.,Washington University. 
Field, S. B., Washington Univ. 
Claxton, W.L., Georgia Sch. Tech. 
Peacock, W.C., Georgia Sch. Tech. 
Woodruff, B.H.,Jr., Ga. Sch. Tech. 
Hart, R. E., Case Sch. App. Science. 
Stevenson, H. M., Miss. A. & M.Coll. 
Stoneman, E.C.R., Univ. of Tor. 
Mills, P. H., Univ. of Toronto. 
Perkins, K. A., Tufts College. 
Young, G. D., Throop Coll. Tech. 
Knapp, L. E., Univ. of Missouri. 
Creasey, J.W., Univ. of Missouri. 
Vulling, J., Wentworth Institute. 
Holland, W. H., Univ. of Calif. 
List, E. G., Univ. of Missouri. 
Pratt, H., Univ. of California. 
Faden, J. L., Tufts College. 
Ramsay, H. S., Tufts College. 
Doolittle, F. M., Yale Univ. 
Morgan, N.L., McGill University. 
Huhnhausen, A.E.. Ore. Agri.Coll. 
Kistler, R.E., Stanford University. 
Skolfield, W. K., Stanford Univ. 
Dring, G. S., Univ. of Missouri. 
Tear, H. R., Univ. of Illinois. 
Mattis, R. E., Univ. of Minois. 
Chien, K., Univ. of Wisconsin. 
Alleutt,C. T., Stanford University. 


Noble, W. H., Ohio State Univ. 
Smith, H.L., Mich. Agri. Coll. 


Mertz, K.J.. Univ. of Minnesota. 
Whitehead, E. C., Ga. Sch. Tech. 
Hearne, W. D., Ga. Sch. of Tech. 
Tuthill, J. R., Univ. of Illinois. 
Cumming, R. B., Univ. of Calif. 
Clement, L.M., Univ of Call. 
Kenly, W. L., Yale University. 
Gemmel, J. S., Lehigh University. 
Dean, S. M., Mich. Agri. College. 
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Tate, P. R., Univ. of Missouri. 
Ten Haagen, J. E., Lewis Inst. 
Dow, C. A., Univ. of Minnesota. 
Geotzenberger, R. L.,Univ.of Minn. 
Bressler, H. V., Swarthmore Coll. 
Wise, L. D., Univ. of Kansas. 
Chang, M. Y., Univ. of Wisconsin. 
Reed, M. O., Univ. of Wisconsin. 
McLees, H.L.B., Penn. St. Coll. 
Lee, P. M., Lafayette College. 
Temple, F. W., Mich. Agri. Coll. 


Joint Meeting of Engineering 
Societies in Milwaukee 

The Milwaukee and Madison Sec- 
tions of the A. 1. E. E. participated in 
the Second Joint Meeting of Technical 
Societies of Wisconsin, held іп Milwau- 
kee on March 21, 1914. It was an all- 
day meeting; the sessions were held in 
the Juneau Hall at the Auditorium 
Building. 

Following the opening address by 
Dean Frederick E. Turneaure of the 
College of Mechanics and Engineering, 
University of Wisconsin, four papers 
were presented during the morning ses- 
sion: '' Electrical Control on the Pan- 
ama Canal, ” bv Messrs. E. M. Hewlett 
and H. G. Hill; '" Cement and Clay 
Products Contrasted, " by Mr. Alfred 


О. Crozier; “ The Measurement of 
Gases in Large Quantities,” by Mr. 
J. C. Wilson; and “Тһе Historical 


Significance of the 1907 Wisconsin Law 
for the Regulation of Public Utilities, ” 
bv Professor R. C. Disque. 

During the afternoon session the fol- 
lowing papers were presented: '' Prin- 
ciples of Illumination, " by Mr. John 
Haves Smith; ''Principles of Street 
Lighting,” by Messrs. Arthur J. Sweet 
and Francis A. Vaughn; '' Manufacture 
of Pure Iron Products, " by Mr. G. F. 
Ahlbrandt; '' History of Drilling, ” by 
Mr. H. M. Morris; and “ Developments 
in American Power Plant Machinery, ” 
by Professor A. G. Christie. 

The evening session. was devoted to 
a paper on “ Radium ” by Dr. Herbert 
N. McCoy of the University of Chicago. 

The approximate attendance at the 
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several sessions was as follows: morning 
300; afternoon, 500; evening, 850. 
Sixteen technical and engineering ограп- 
ications participated in the mecting, 
which was successful in every way. 
Past Section Meetings 

Baltimore.— March 27, 1914, Physical 
Laboratory, Johns Hopkins University. 
Subject; Insulation. Paper; ''Insula- 
ting Materials", by L. E. Barringer. 
Attendance 26. 

April 24, 1914, Bureau of Standards, 
Washington, D.C. Joint meeting with 
the Washington Section and held under 
the auspices of the Electrophysics Com- 
mittee. 

Boston.—Aprii 23, 1914, Engineers 
Club of Boston. Subject; Motor Ap- 
plication. Paper; '' Application of Mo- 
tors to Constant-Torque Adjustable- 
Speed Work." Attendance 54. 

Cleveland.— Apri! 20, 1914, Nela 
Park. Subject; Illumination. Papers; 
three articles on “ The Latest Develop- 
ments in Incandescent Lamps and Their 
Application to Modern Lighting ”, by 
Evan J. Edwards, Ward Harrison, and 
М. Luckiesh. Attendance 78. 

Detroit-Ann Arbor.— April 17, 1914, 
Adcraft Club. Subject; Storage Bat- 
tenes. Paper; “ Some Power Plant 
Storage Battery Applications’, by 
Tahaferro Milton. Attendance 47. 

Indianapolis-Lafayette.— March 26, 
1914, Electrical Building, Purdue Uni- 
versity. Subject; Railway Electrifica- 
tion. Papers; (1) “ Early Work of the 
General Electric Company in Railway 
Electrification Projects" by A. L 
Rohrer; (2) “ Some Details of the Elec- 
trification of the Butte, Anaconda and 
Pacific Railway System" by J. H. 
Linebaugh. Attendance 100. 

April 3, 1914, Science Bldg., Indian- 
apolis. Subject; Radioactivity. Pa- 
per; “ The Present State of Our Knowl- 
edge of Radium and Radioactivity "’, 
by Herbert N. McCoy. Attendance 
110. 

Los Angeles.— April 28, 1914, Blan- 
chard Hall. Subject; Railway Work. 
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Substation Opera- 
Attendance 


Paper; “ Railway 
tion,” by Julian Adams. 
68. : 
Lynn.-— April 5, 1911, Burdett Hall. 
Lecture оп “ The Effect of Electrical 
Engineering on Modern Industry ” by 
Charles P. Steinmetz. Attendance 993. 

Minnesota.— April 13, 1914. Uni- 
versity of Minnesota. Subject; Ilu- 
mination. Papers; (1) ‘ Lighting of 
the Gordon-Ferguson Building in St. 
Paul” by A. L. Abbott; (2) “ Show 
Window Lighting ” by C. M. Converse; 
(3) “ Efficiency Test оп Semi-Indirect 
Lighting Units Used іп Gordon-Fer- 
guson Building" by R. B. Wallace. 
Attendance 50. 

Panama.— March 10, 1914, Y. M. C. 
A., Gatun, C.Z. Subject; Illumination. 
Paper; “ Illumination of Panama Canal 
Locks, " by W. R. McCann and F. C. 
Clark. Also data on installation. by 
S. H. Grauten. Inspection trip to ad- 
jacentlocks. Attendance 71. 

Philadelphia.— April 13, 1914, En- 
gineers’ Club. Subject; Telephony. 
Papers; (1) “Тһе Loading of Telephone 
Circuits", by H. Mouradian; (2) 
‘Emergency Work, ” by H. C. Kunkel; 
(3) '" Telephone Train Despatching ” 
by G. K. Heyer. Attendance 133. 

May 11, 1914, Engineers Club. 
Subject; Railway Work. Paper; “Тіс 
Battery Locomotive, " by L. H. Flan- 
ders. Attendance 50. 

Pittsburgh.— February 14, 1914, Fort 
Pitt Hotel. Annual Banquet of Pitts- 
burgh Section. Addresses; “ The In- 
stitute " by C. О. Mailloux; '' Rates ” 
by Paul M. Lincoln; “ Making of an 
Engineer” by W. M. Davidson; '' Sto- 
matology '' by Geo. P. Early. Attend- 
ance 300. 

March 10, 1914, Oliver Building. 
Subject; Industrial Power. Paper; 
“ Practical Speed Control of Alternat- 
ing-Current Roll Mill Motors ", by G. 
E. Stoltz. Attendance 60. 


Portland.— March 3, 1914. Haw- 
thorne Building. Subject; Railway 
Electrification. Paper; “ Electrifica- 


tion of the Portland, Eugene and East- 
ern Railway System '" by Paul Leben- 
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baum. Joint meeting with Portland 
section of N. E. L. A. Attendance 70. 

April 7, 1914, Hawthorne Building. 
Subject; — Underwriters’ 
Paper; “15 
Necessary in Oregon, "by F. D. Weber. 
Also illustrated lecture on “The Panama 
Canal and Its Electrification "Бу D. B. 
Rushmore, presented by E. А. West. 
Joint meeting with Portland Section of 
N.E.L.^. Attendance 95. 

San Francisco.—Februaty 27, 
Engineers’ Club. Subject; Public Ser- 
vice. Paper;'' Policy of Public Service 
Corporations" by John A. Britton. 
Attendance 100. 

March 27, 1914, Engineers’ Club. 
Subject; Economics. Paper; ''Eco- 
nomics of the Production and Distribu- 
tion of Electric Power, " by C. L. Cory. 
Attendance 65. 

Schenectady.— March 10, 1014. Edi- 
son Club Hall. Subject; Illumination. 
Paper; ' Light, Shade and Color in 
Illumination, " by M. Luckiesh, with 
illustrations. Attendance 400. 

March 24, 1914, Edison Club Hall. 
Subject; Lighting from Central Sta- 
tions. Brief addresses were piven by 
Messrs. E. P. Edwards, C. W. Stone, 
S. E. Doane, L. A. Hawkins, J. R. Tap- 
scott, W. S. Andrews, L. B. Bonnctt 
and H. R. Summerhayes. Attendance 
eT 

April 7, 1914, Edison Club 
Subject; Panama Canal. Paper; Pan- 
ama Canal Emergency Dams," by 
O. E. Hovey, illustrated with lantern 
slides. Attendance 375. 

April 21, 1914, Edison Club Hall. 
Subject; Alternating-Current Machin- 
ету. Brief addresses were given. bv 
Messrs. E. C. Knowlton, R. E. Doherty, 
E. H. Freiburghouse, A. E. Averett, 
and M. H. Wells. Attendance 200. 

Seattle.—March 4, 1914, University 
of Washington. Subject; Transformers. 
Paper; “Тһе Effect of Star and Delta 
Connections on Transformer Wave 
Forms,” by L. F. Curtis. Joint meet- 
ing with University of Washington 
Branch. Attendance 45. 


Inspection. 
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Hall. 
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March 17, 1914, Central Building. 
Subject; Protective Apparatus. Dis- 
cussion on '' Protective Reactances in 
Large Power Stations" by Messrs. 
Lyman, Rossman and Perry ; abstract- 
ed by Mr. Terrell. Attendance 21. 

April 1%, 1914, Central Building. 
Subject; Engineering Ethics. Paper; 
“Engineering Ethics” by Robert Howcs. 
Attendance 23. 

Spokane.— February 20, 1914, Silver 
Grill. Subject; Regulation of Public 
Utilities. Address by Mr. Henry L. 
Gray, former chicf engineer Washington 
State Public Utilities Commission. 
Also address on Panama Canal by J. 
C. Ralston, illustrated with lantern 
slides. Attendance 53. 

March 20, 1914, Silver Grill. Papers: 
“Underground Duct Lines " by F. L. 
Rohrbach; '' Rate Practise and Justi- 
fication “ by T. E. Holsey. Attend- 
ance 48. 

Toledo.— April 3, 1914, Willys-Over- 
land Company. Inspectiontrip through 
Willvs-Overland automobile plant. 
Attendance 38. 

May 6, 1914, Toledo Commerce Club. 
Subject; Motor Control. Address on 
" Remote Control of Motors” by W. 
H. Lennard, illustrated with lantern 
Attendance 18. 

Toronto.— March 6, 1914, University 
of Toronto. Railway Elec- 
triication. Paper; High-Tension Di- 
reet-Current Railways, ” by G. H. Hill, 
illustrated by motion pictures. Attend- 
ance 125. 

March 27, 194, Engineers’ Club. 
Subject; Water Power Development. 
Paper; '' The Influence of Ice on Water 
Power Development. ” by H. T. Barnes, 
illustrated with lantern shdes. Attend- 
ance 92. 

April 17, 1914, Engineers’ Club. 
Subject; Transmission. Paper; ''Stand- 
by Steam Stations for Overhead Trans- 
mission Systems " by C. G. Spencer. 
Attendance 42. 

Urbana.—April 16, 1914, Physics 
Building. Paper;" Magnetic and Other 
Properties of Electrolytic Iron. Melted 


slides. 


Subject: 
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іп Vacuo " by T. D. Yensen. Attend- 
ance 9f. 

Vancouver.— March 27, 1914. Uni- 
versity Club Rooms. Subject; Rheo- 
stats. Paper; “ Liquid Rheostats, "' 


by C. N. Bcebe. 


Past Branch Meetings 

University of California.—April 16, 
1914. Mechanical Building. Election 
of Officers. No technical session. 
Attendance 25. 

University of Cincinnati. Мау 5, 
1914, Engineering Building. Subject: 
Illumination. Address by Prof. A. M. 
Wilson illustrated by lantern slides. 
Attendance 34. 

Colorado State College.—April 23, 
1914, Electrical Engineering Building. 
Address by Mr. D. F. Richardson on 
Western Electric Company's Chicago 
Works. Attendance 10. 

University of Colorado.— April 15, 
1914, Boulder, Colo. Address by Mr. 
M. C. McCormick on Commonwealth 
Edison Company of Chicago. Attend- 
ance 39. I 

Iowa State College.— April 22, 1914, 
Ames, Iowa. Address by Prof. J. E. 
Brindley on “ Relation of Our Govern- 
ment to Public Utilities "' 

Lafayette College.—-April 20, 1914, 
Pardee Building. Paper '' The Quah- 
fications of a Good Engineer, "Бу М. 


‘ 


Conklin. Election of officers. Attend- 
ance 20. 
April 27, 1914, Pardee Building. 


Papers: “ Thesis Work on Motor-Gen- 
erator Sct,’ by Simmons and Mitchell; 
‘Exhaust Steam Turbine,” by J. 
Meyer; “ Mercury Turbine," by R. 
Smith. Attendance 22. 

May 4, 1914, Pardee Building, 
Papers: “ Electrolysis from Stray Elec- 
tric Currents,” by Laros, Thompson 
and Clymer; “Diehl Machine" by 
Shimer and Kolb; “ Electric Headlight 
for Steam and Electric Lines" by David- 
son. Attendance 22. 

Lehigh University.—April 30, 1914, 
Physical Laboratory. Paper: “А De- 
scription of the Electrical Development 
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of the Bethlehem Steel Company's 
Iron Minesin Chile, "Бу W. 5. Bourlier. 
Attendance 24. 

University of Missouri.— April 20, 
1914, Engineering Building. Subject: 
Causes, Prevention and Treatment of 
Accidents. Addresses were given by 
Messrs. C. C. Boswell and F. W. Ander- 
son. - 

Мау 5, 1914, Engineering Lecture 
Room. Illustrated lecture. by Prof. 
H. W. Hibbard on Engineering Socie- 
ties Building, New York. Attendance 

Montana State College.— May 6, 
1914, Paper: “ The Effect of Electricity 
on the Growth of Plants,” bv S. H. 


Solberg. Election of officers. Attend- 
ance 27. 

University of Nebraska.— Apri! 8, 
1914, Electrical Building. Subject; 
Constant Current Machinery. Bricf 
addresses by Messrs. D. E. Ahrens, 


J. F. Еогпапек, and Charles W. Beck. 
Attendance 24. 

April 29, 1914, Electrical Building. 
Subject: The  Oscillograph. Paper; 
“ Ап Experimental Investigation. with 
the Oscillograph. " by C. A. Atwell. 
Attendance 14. 

Ohio Northern University.— April 1, 
1914, Ada, Ohio. Addresses were given 
by Messrs. C. R. Billheimer, R. W. 
Bricker, and J. H. Homrighous, on in- 
spection tour of March 2 to 7 inclusive. 
Attendance 19. 

Ohio State University.— March 13, 
1914. Robinson Laboratorv. Papers: 
“ X-Rays," by Howard Т. Bryan; 


."' Long-Distance Telephony and Tele- 


graphy," by R. B. Shenck. Attend- 
ance 23. 

March 25, 1914, Robinson Labora- 
tory. Subject: Railway Electrification. 
Illustrated lecture by Messrs. A. L. 
Rohrer and J. J. Lincbaugh on “ Elec- 
trification of the Butte, Anaconda and 
Pacific Railroad." Attendance 85. 

April 1, 1914, Robinson Laboratory. 
Discussion on arrangements for elec- 
trical show. Attendance 30. 

Oklahoma  University.— March 4, 
1914, Enginecring Building. Paper: 
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" Review of Progress іп 19F3, ”7 by 
Clarence Karcher. Also discussion of 
Institute papers on outdoor substations 
by Messrs. Macomber, Fullerton, Hunt, 
and Perry. Attendance 1%. 

March 11, 1914, Engineering Build- 
ing. Address by Mr. Barnes on “ Re- 
cent. Development in Induction Motor 
Design. ” 

Oklahoma A. and M. College.— 
March 19, 1914, Stillwater. | Discussion 
of Institute papers '' Notes on Oil Cir- 
cuit Breakers "Бу K. C. Randall, and 
“ Problems of High Tension Trans- 
mission Lines. ” Attendance 21. 

March 26, 1914, Stillwater. Dis- 
cussion of '' Sixty-Cycle Synchronous 
Converters | by L. P. Crecelius, and 
Power from Mercury Vapor "Бу W. L. 
R. Emmet, as printed in March Pro- 
CEEDINGS. Attendance 21. 

Oregon Agricultural College.— Feb- 
ruary 26, 1914, Corvalis, Oregon. Dis- 
cussion on “ Wood Preservation ” by 
H. S. Newins, and '' Strength of Ma- 
trials," by H. S. Graf. Attendance 
19. 

University of Oregon.— March 3 
1911, Electrical Building. Paper: 
“ Water Rights,” by C. B. Aitchison. 
Attendance 30. 

April 7, 1914, MeClure Hall. Second 
address on “ Water Rights” by C. B. 
Aitchison, Attendance 15. 

Pennsylvania State College.— March 
19, 1914, Club Room, Engineering 
Building. Papers: Tirrel! Regulator ' 
by IZ. W. Gibbs; “ Axle Generator Sys- 
tem " by A. D. Shultz. Attendance 42, 

Purdue University.—April 9, 1914. 
Paper: “ The Technical Graduate in 


| Business," Ьу W. M. Skif. Attend- 
ance 68. 
April 21, 1914. Paper “ Salesman- 


ship," by R. A. Prescott, Attendance 37. 
May 5, 1914. Paper: '' Recent De- 
velopments in Incandescent Systems, ” 
by H. H. Magd ick, illustrated. with 
lantern slides. Attendance 31. 
Rensselaer Polytechnic Institute.— 
March 3, 1914, Laboratory. 
Papers: “ Thermal Electromotive For- 
ces of Alloys Made from the Base Met- 
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als," by А.В. Havck; “А Compound 
Transformer," by M. S.Cower. Atten- 
dance 41. 

April 7, 1914, Sage Laboratory. Pa- 
pers: “Тһе Effect of Various Materiala 
on the Conductivity of Cast Copper" 
by D. K. Macken; “А Hydroelectric 
Development in Cuba, " by P. C. Rum- 
mel; “  Three-Phase Hiroult Furnace 
Installation," by H. F. Wilson. At- 
tendance 49. 

Rhode Island State College.—Fcbh- 
ruary 25, 1914, Science Hall. Subject 
Lightning Protection. Addresses werc 
given by Messrs. Whittaker, Miller and 


Cloke, with demonstrations. Attend- 
ance 30. 

March 18, Science Hall. Subject: 
Aluminum Lightning Arresters. Ad- 


dresses were given by Messrs. L. H. 
Harris and W. H. Webb. Prof. Dick- 
enson gave demonstration of thc action 
of aluminum arresters. Attendance 20. 

Rose Polytechnic Institute.— Jan- 
uary 17, 1914, Heminway Memorial 
Hall. Papers: ‘“ Resuscitation,” by 
Тагпег; “ Pulmotor "Әу Dr. Alexander. 
Discussion. of automobile lighting bv 
Walker H. Henry. Attendance 23. 

Stanford | University.— March 12, 
1914, Electrical Engineering Building. 
Discussion on Branch matters. Attend- 
ance 14. 

March 18, 1914, Electrical Engincer- 
ing Building, Hlustrated lecture by Mr. 
Allen G. Jones on “ Lightning Arrest- 
ers and Protective "U Attend- 
ance 24. 


Devices. 


April 9, 1914 Electrical Engineering 


Building, Papers: '* White River Hydro- 


electric Development "Бу C. T. Alcutt; 
‘Modern X-Ray Studies and Equip- 
ment" by A. B. Stuart; “ Wireless 
Telephony "Бу W. Skolfield. Attend- 
ance 26. 

April 23, 1914, Electrical Engineering 
Building. Papers: “ The Bennet Light- 
ning Arrester " by W. L. Cone; “ Il- 
luminating Efficiencies "Бу R. E. Kist- 
ler; ' Electricity in Agriculture" by 
M. T. Rodig; “ Progress in the San 
Joaquin Valley ” by L. A. Ogden. At- 
tendance 12. 
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April 30, 1914, Electrical Engineering 
Building. Lecture bx Prof. H. J. Rvan 
on "High Frequency High Voltage 
Phenomena. Attendance 50. 

Syracuse University.— March 5, 1914. 
Paper: * The Control Board of Panama 
Canal Locks ” by В.Н. Kenyon. Re- 
port by Mr. F. C. Funnell on State con- 
trol and development of water power 
rights in New York, and performance 
oÍ storage battery cars during recent 
heavy snow storms. Attendance 11. 


March 12, 1914, Mr. M. C. Davison 
gave an address on ' Corona Phe- 
nomena. " Мг. H. A. Smith reported 
on current events in electrical engineer- 
ing. Attendance 16. | 


March 19, 1914. Symposium оп 
" Use of Electric Motors, ” by J. F. 
Revnolds, E. S. Radwav, and 1. R. 
Baker. Attendance 12. 


March 26, 1914. Address by Mr. R. 
N. Brockway on '' Mercury Turbines. "' 
and ‘‘ Condenser Type Terminals " by 
G. H. Burns. Attendance 11. 

April 16, 1914, Paper: '' Operation of 
Transmission Lines,” by John Ginley. 
Attendance 11. 


Texas A. and M. College.— March 3, 
1914, Electrical Engineering Building 
Auditorium. Paper: “ Manufacturc of 
Telephone Cables, "Бу W. L. Harper, 
illustrated with stereoptican. Attend- 
ance 33. 

March 20, 1914, Lecture Room. H- 
lustrated lecture by Mr. Ritter on '' Mo- 
tors.” Attendance 58. 

April 3, 1914, Lecture Room. Paper: 
“ High Power Transmission Lines, ” by 
D. H. Lefy. Attendance 20. 

April 10, 1913, Lecture Room. Paper 
" Quality; in Men and Machinery, ” by 
C. A. Nash; “ Electric Elevators, ” by 
J. M. Vossler. Attendance 24. 

Throop College of Technology— 
February 28, 1914, Throop College. 
Papers: '' The Design of an Automobile 
Testing Plant," by H. B. Gerckens; 
“Тһе Relation between Mechanical 
Flaws and Magnetic Measurements in 
Metals, ” by Virgil F. Morse; ‘‘ Y versus 
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Delta Connections in Transmission Svs- 
tems, "Бу Walter T. Newton. Attend- 
ance 79. . 

University of Virginia.— February 17, 
1914, Mechanical Laboratory. Dis- 
cussion of Mr. W. L. R. Emmet’s paper 
on " Power from Mercury Vapor, ” as 
published in PRocEEDINGs. Attendance 
10. 


University of Washington.— March 4, 
1914, University Campus. Paper: ‘The 
Effect of Star and Delta Connections on 
Transformer Wave Forms,” by L. F. 
Curtis. Attendance 45. 

April 14, 1914, University Campus. 
Paper; “Тһе Hydroelectric Plant of 
the Olympic Power Company," by W. 
A. Danielson. Attendance 30. 


Worcester Polytechnic Institute.— 
March 13, 1914. Abstracts of Institute 
papers were presented by Messrs. G. S. 
Vernam and Y.C. Mei. Attendance 40. 

April 17, 1914, Worcester, Mass. 
Paper: '' Some Phases of the New Haven 


Electrification System,” by M. F. 
Clement. Attendance 75. 


May 8, 1914, Worcester, Mass. Pa- 
pers; “Тһе Distortion of Wave Form 
in Transformers Caused by Silicon- 
Steels” by Y. C. Mei; “А Study of 
Brake-Shoe Pressure ” by G. W. Nelson 
“ The Development of Quick Workable 
Curves for Transmission Line Data, ” 
by G. S. Vernam; “ Experimental Data 
and Theoretical Formula for Elastic and 
Non-Elastic Catenary, " by G. I. Gil- 
chrest. 


Yale University.—March 11, 1914, 
New Haven, Conn. Professor W. 5. 
Franklin of Lehigh University gave an 
address on “ Couple Circuits of Wire- 
less Те!сргарһу.” Attendance 200. 


March 27, 1914, New Haven, Conn. 
Mr. S. L. Nicholson gave an address on 
“Commercial or Application Enginccr- 
ing." Attendance 100. 

April 22, 1914, New Haven, Conn. 
Mr. W. S. Murray delivered an address 
on “Тһе Electrification of the New 
Haven Railroad.” Attendance 175. 
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MR. ALLEN C. Morse has been 
chosen as resident engineer and mana- 
ger of the new branch office which the 
engineering firm of MeMeen and Miller 
has opened in Cleveland, Ohio, at 407 
Electric Building. The firm has been 
conducting a general engineering prac- 
tise for more than ten years. The main 
office of McMeen and Miller 15 at 1454 
Monadnock Block, Chicago, НІ. 


MR. 1,0015 В. МАсір, who was presi- 
dent of the Atlanta Hydro-Electric 
Power Company until that company 
was consolidated with the Georgia Rail- 
way and Power Company of Atlanta, 
is developing a large commercial apple 
orchard of some 5000 acres at Tallulah 
Park, Georgia, near the waterpower de- 
velopment at Tallulah Falls. Mr. 
Magid is president of the Appalachian 
Electric Power Company and is also 
head of the banking firm of Louis B. 
Magid and Company of Atlanta. 


Obituary 


BERT ERNEST SEMPLE, Assoc. A. I. 
E. E., sales agent in the power and min- 
ing department of the Gencral Electric 
Company, died on May 15, 1914. Mr. 
Semple had been connected with the 
General Electric Company for the last 
twenty-one vears, having started in the 
lamp repair department in 1893. Later 
in that year he took charge of the meter 
work, being the first man to handle 
this line for the company in the Chicago 
district. In 1904 he was appointed su- 
perintendent of the Chicago repair de- 
partment of the General Electric Com- 
pany, and after serving in this capacity 
for four years he was transferred to the 
sales Organization, where as sales agent 
in the power and mining department he 
handled principally the larger apparatus 
used in the manufacture of steel, his 
business being chiefly with the large 
steel plants throughcut the middle 
West. Mr. Semple was elected ап 
Associate of the A. I. E. E. on Novem- 
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ber 21, 1902. He was also a member of 
the Association of Iron and Steel Elec- 
trical Engineers. 


Abstracts of Proceedings of 
Foreign Engineering Societies 


ELEKTROTECHNISCHER VEREIN 

Paper of Mr. Bruno Thicme at the 
mecting in Berlin, February 3, 1914, on 
Electrical Sensitivencss of Flames and 
Its Utilization.” 

The speaker found that by direct 
current carbon may be obtained from a 
candle flame. To do this, he intro- 
duces into the flame two electrodes 
with a potential of 15 volts between 
them; the carbon deposits then in a thin 
layer on the negative electrode. This 
process was reproduced by means of a 
projection camera. The speaker work- 
ed out a special process for obtaining 
carbon based on this phenomenon. 
The carbon thus obtained is said to be 
particularly fine, and especially con- 
venient for the dye industries. The 
speaker has further noticed that when 
the circuit 1s closed, a noticeable pul- 
sation of the flame occurs, and proposes 
to use this phenomenon for the produc- 
tion of a simple telephone receiver and 
for other purposes. 


Paper of Dr. Linke at the same 
meeting on ^" Excess Currents and 
Excess Voltages Occurring when Placing 
in Circuit Alternating-Current Motors 
and Transformers.” 

The speaker pictured the rise of ex- 
cessive currents when inductances are 
placed in circuit. When a preemt- 
nently inductive circuit 15 joined to an 
alternating potential, the placing in 
circuit occurring in the neighborhood of 
the zero point of the voltage curve, 
the magnetic field, during the first 
period after the new source of current 
has been switched in, becomes approxi- 
mately twice as strong as it normally is. 
If now the iron contained in the mag- 
netic circuit is near its point of satura- 
tion when the flux is of normal mag- 
nitude, with this double strength of the 
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field there occurs an excessive satura- 
tion, as a result of which the charging 
rate may rise to one hundred times that 
of the normal cxciting current. This 
powerful rise of current is particularly 
undesirable when motors and trans- 
formers arc inserted in circuit, since it 
brings into action the maximum auto- 
matic cut-out devices. 
current may bc prevented by means of 
switches with more than onecontact 
point, so that the apparatus is placed in 
circuit overa resistance. 

A special case is that of placing in 
circuit asynchronous motors with squir- 
rel-cage rotors when the latter have 
been already brought by outside in- 
fluences to nearly synchronous speed. 
In this case, owing to the phenomena 
which take place at the instant of the 
motor being placed in circuit, the nor- 
mal rotating field is not available at 
once, and for some time the rotor moves 
in a nearly stationary field, which 1s apt 
to produce violent short-circuit cur- 
rents. 

The speaker passed then to the con- 
sideration of excessive currents which 
arise when generators are short-cir- 
cuited, and which cause the windings of 
these machines to be subjected to ex- 
tremely high mechanical stresses. To 
obviate such short-circuit currents, 
choke coils are sometimes inserted in a 
permanent manner in front of genera- 
tors. But this method can be used only 
to a limited extent, and the apparatus 
must be built so as to be able to with- 
stand the stresses which may arise at 
short-circuit. 

The author proceeded then to discuss 
the distribution cf static voltages 
occurring when motors and transformers 
are placed in circuit, at which time, 
owing to the reflection of the voltage 
wave by the self-induction of the 
windings, there may be difference of 
potential between the windings ap- 
proaching in magnitude the total 
working voltage. These dangerous 
over-voltages could also be obviated by 
means of a switch with several con- 
tacts. The subject of these “ wander- 
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ing waves" was only briefly touched 
upon by the speaker, and left over to be 
treated fully in the course of lectures 
beginning on February 16. 


SOCIETE INTERNATIONALE DES 
ELECTRICiENS 


“ Contributions towards the produc- 
tion of strong magnetic fields and the 
concentration of ampere-turns in a 
small volume," by Deslandres and 
Perot. 

M. Perot presents to the Société 
Internationale des Electriciens at the 
meeting of March 4, 1914, both in the 
name of M. Deslandres and himself, 
the new results that they have obtained 
in the construction of electromagnets. 

To obtain strong magnetic fields we 
can use two methods: 

(1) One can produce a high flux of 
induction in a magnetic circuit and con- 
centrate, by means of cone shaped polar 
pieces, the flow in an air gap of small 
cross-section and small length. It is 
this very principle which is used. with 
so much success by P. Weiss in construct- 
ing his electromagnets and especially 
his remarkable models. 

(2) One can work with the magnetic 
properties of the current, without 
however, using any magnetic medium; 
this is the solution offered by Perrin and 
Fabry. This last procedure neces- 
sitates a very great concentration. of 
ampere-turns and therefore the use of 
high-tension current densities. 

The authors have worked out a 
methodin which the magnetising circuits 
act on the air gaps themselves of a mag- 
netic circuit, having as smalla resistance 
as possible; the polar pieces instead of 
concentrating it, as 1s the case 1n the 
present apparatus, (hold), so to speak, 
the flux, and we can thus obtain very 
strong magnetic fields. 

The realization of this apparatus 
depends on the possibility of obtaining 
very high current densities, and this 
problem has therefore becn apprcached 
first. A solution has been found by 
using as conductors strips of red copper 
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of about tenth of a millimeter thick- 
ness, cooled by a flow of oil, carricd at as 
low a temperature as possible. In the 
tests made by the authors, 1t was pos- 
sible by using oil at about—25 deg., to 
obtain 1800 amperes per square milli- 
meter for strips 1/10 mm. thick and 
1500 for those of 2/10 mm. thickness. 
A coil constructed on these dimensions 
having a core of 30 mm. and a volume 
of 29 cu. cm. gave 30,800 ampere-turns, 
the real density being 500 amperes, and 
the effective density 200 amperes. 

This coil was then placed in such a 
way as to act on the air gap of a Weiss 
clectromagnet, old model, and increased 
the field from 41,000 gausses to 51,500, 
the air gap being 2.1 mm. and about 3 
mm. diameter; the polar pieces being of 
ordinary iron. They have thus ob- 
tained the highest possible magnetic 
field under the given air gap conditions. 

They have then constructed a special 
clectromagnet, based on the facts given 
above; the apparatus, which weighs 
some thirty kilograms, can receive a 
current of 4000 amperes; the current at 
the disposal of the authors did not 
yield more than 1900 amperes; under 
these conditions the polar pieces were 
provided with ferro-cobalt of about 12 
mm. diameter, and the air gap was 1.7 
mm. long and 3 mm. diameter. The 
field obtained was as high as 50,500 
gausscs. 

lf one could have obtained a current 
of 4000 amperes, the field would have 
been nearly 60,000 gausses or more. 

M. Perot satd that the two problems 
—obtaining the maximum force in a 
small space, and producing a strong 
field in a great air gap—although in 
appearance different, are really con- 
nected; thus an electromagnet of the 
model presented to the society, but 
weighing about 3000 kg., would permit 
onetoobtain more than 60,000 gausses in 
a cylindrical air gap of 8.5 mm. length 
and 15 mm. diameter; one could not 
foresee with accuracy what would be 
the ficld obtained with a similar appara- 
tus using an air gap 2 mm. long and 
d mm. diameter. 
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Moreover, the question of cooling has 
not been studied entirely; M.M. Des- 
landres and Perot intend. to take up 
this question in connection with M. 
Claude; as to the tests with the appara- 
tus itself, their studies have been inter- 
rupted owing to lack of funds; they hope 
however, to overcome this difficulty 
and proceed with their experiments. 


Periodicals Wanted for the Lie 
brary of the Engineering 
Societies 


The Library Board of the United 
Engineering Society desires to obtain 
by gift, exchange or purchase any of 
the missing volumes of serial publica- 
tions listed below, and requests the co- 
operation of members of the Institute. 
Those who have any of these volumes, 
or know of anyone who wishes to dis- 
pose of them, are requested to notify 
Dr. W. P. Cutter, Librarian, Library of 


the Engineering Societies, 29 West 
39th Street, New York. Cooperation 


in this matter will be of great assistance 
inadding to the resources of the Library. 


WANT List 


Acetylene Journal, 1-13, 1899-1912. 

Acetylen in Wissenschaft und Industrie, 
1898-1909. 

Acetylene, 1-5, 1903-1908. 

Acronautical Journal, 1-12, 1897-1908. 

Allgemeine Automobil Zeitung, 1-9, 1900-1908 
(Berlin). 

Allgemeine Bauzcitung, 1-datc, 1836.datc. 

American Lumberman, 1-date, 1899-datc. 

Annalen der Chemie (Licbig's), 1-364, 1832-1009. 

Annales des Mines de Belgique, 1-8, 1896-1903. 

Annales des Ponts et Chaussées. Memoires ct 
documents. Ser. 1-5; Ser. 6, vols. 1-16, 
19-end of ser.; Ser. 7; Ser. 8, vols. 1-30, 36. 

Lois decrets, etc. Ser. 1-5; Ser. 6, vols. 
1-8, 10-end of ser.; Ser. 7; Ser. 8, vols. 1-7, 
8 pt. 1. 

— — — Personnel. 
issued to date. 

Annales des Travaux Publics de Belgique. 1- 
date, 1845-date. 

Archiv fur Eisenbahnwesen. 1-30, 1878-1907. 

Avtogene Metallbearbeitung. | 1-date, 1908-datc. 

Berg und Huttenmannische Zeitung. Vols. 1-21; 
44, no. 36; 49, no. 14, 45, 51; 50, nos. 8,47; 
51, no. 19; 52, nos. 39, 41; 42, 44-52; 54, nos. 
2.3, 4, 25, 26, 29, 30, 32; 55, no. 10. 

Beton und Eisen. 1-2, 1902-1903. 

Braunkohle. 1-7, 1902-1908. 

Brick. 1-42, 1894-1913. 


1-12, 


All before 1889, and any 
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Cement and Engineering News. 1-21, 22, no. 
2. 1896-1909, 1910. 
Centralblatt der Bauverwaltung. 1-33, 1881-1913. 
Chemical Engineer. 1-4, 1904-1906. 
Chemical Society of London. Journal. 
1849-1873. 
Chemiker Zeitung. 
Chemische Industrie. 
Chemisches Centralblatt. 1-date, 1830-date. 
Ciment, (Paris). l-date, 1896-date. 
Connecticut Society of Civil Engineers. 
1-25, 27. 1894-1909. 
Contractor, (Chicago). 1-date, 1898-date. 
Deutsche Chemische Gesellschaft, Berichte. 1-6, 
1868-1873. 
Eisen Zeitung. 
Electricien. бет. |, 
1886-1890. 
Elektrische und Maschinelle Betriebe, (Leipzig). 
1-date, 1898-date. 
Elektrochemische Zeitschrift. 


1-26, 


1-10, 12, 1877-1886, 1888. 


l-date, 1878-date. 


Papers. 


1-24, 1880-1903. 
vol. 10 to end of series, 


1-8, 1894-1901. 


Elektrophysikalische Rundschau. 1-3, 1910- 
1912. 

Elektrotechnische Nachrichten. ]1-date, 1905- 
date. 


Feuer und Wasser. 1-date, 1894-date. 

Fonderie Moderne. 1-4, 1908-1911. 

Gas World. 1-38, 1884-1913. 

Gazetta chimica Italiana. ]1-date, 1871-date, 

Geographical Journal. 33-date, 1908-date. 

Geological Magazine. 4 to new ser. decade 5, 
vol. 5, 1867-1908. 

Geologisches Zentralblatt. 1-11, 1898-1908. 

Gesundheits Ingenieur. 1-31, 1878-1908. 

Gluückauf. 1-31; 36, no. 27; 38, nos. 2, 7, 1865- 
1902. 

Gummi Zeitung. 1-21, 1888-1906. 

Haeder's Zeitschrift fur Maschinenbau. 
1893-1912. 

Helios,  1-date, 1895-date. 

Houille Blanche. 1-10, 1902-1911. 

Ingenieur. (The Hague). 1-24, 1886-1902. 

Institute of Marine Engineers. 1-20, 1889-1909. 

Institution of Engineers and Shipbuilders in 
Scotland. 1,8, 1857, 1865. 

Iron Age. 1-23, 1855-1878. 

Jern Kontorets Annaler. 2, 4, 13, 16, 17, 19, 
20. New Ser. 1, pts. 1-2; 3; 5-11; 12, pt. 
5-end of vol.; 14-15; 28, pts. 1-3, 6-end of 
vol.; 29, pts. 1-2, 4-5; 30, pt. 2; 31, pts. 2-5; 
of, pt. 1; 63, pts. 3-4, 1818-1908. 

------- Bihang. АП before 1528, 
1838-1867, 1869-1899. 

Register. 1817-1890. 

Journal fur Gasbeleuchtung. 1-51, 1858-1908. 

Journal für Praktische chemie. 1-date, 1828-date. 

journal of Gas Lighting. 1-22, 51-52, 56, 57, 
62-63, 93, 96, 99-108, 1850-1909. 

Koninklijk Instituut von Ingenicurs, (Hague). 
Tijdschrift. 1870-1903, 1906. 

Marine Engineer and Naval Architect. 
1879-1903. 

Metallrohren Industrie. ]-date, 1907-date. 

Metallurgie, (Paris). 1-32, 37, 40, 1865-1909. 

Mining and Scientific Press. 1-9, 11-19, 24-33, 
1860-1870. 


1-20, 


1829-1836, 


1-25, 
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Mining Journal, (London). 1-47, 59, 1835-1877, 
1589. 

Mitthcilungen aus Justus Perthes Geographischer 
Anstalt. 43-date, 1897-date. 

Motorwagen, (Berlin). 1-13, 1898-1908. 

Municipal Engineering. 1-21, 24-31, 1890-1901 
1903-1906. 

Nature, (Paris). 1-date, 1873-date. 

Neueste Erfindungen und Erfahrungen. 
1874-date. 

Oesterrcichische Zeitschrift für Berg und Hutten- 
wesen. 1-26, 1853-1878. 

Omnia. 1-7, 1906-1912. 

Petroleum. 1-3, 1905-1907. 

Petroleum Review, London. 1-25, 1889-1911. 

Petroleum World. 1-8, 1903-1910. 

Prometheus. 1-19, 1879-1908. 


1-date, 


Revista tecnica delle Ferrovie Italiana. — 1-date 
1912-date. : 
Revue de la Soudure Autogéne. 1-date, 1909- 

date. 


Revue Générale des Sciences pure et Appliquée. 
1-10, 1890-1899. 

Schiffbau. 1-9, 1899-1908. 

Schweizerische Bauzeitung. 

Société Belge des Electriciens. 
1884-1903. 

Société Industrielle de Mulhouse. 1-71, 1828-1901. 

Sozial Technik. 1-6, 1902-1907. 

Sprechsaal. 1-41, 1868-1908. 

Teknisk Tidsskrift. 1-25, 1877-1901. 
hagen.) 

Telefunkenzeitung. 1-date, 1911-date. 

Tonindustrie Zeitung. 1-31, 1877-1907. 

Verein. zur Befórderung des Gewerbefleisses. 
Verhandlungen. 1-88, 1822-1909. 

Water and Water Engineering. 1-date, 1899-date. 

Zeitschrift des Verbandes deutscher Schiffsing- 
enieure. ]-date, 1911-date. 

Zeitschrift fur Architektur u. Ingenieurwesen, 
(Architekten u. Ing. Verein zu Hannover). 
1-48, 1822-1902, 

Zeitschrift für Bauwesen. I-date, 1851-date. 

Zeitschrift fur Beleuchtungswesen. 1-7, 1895-1901. 

Zeitschrift fur Dampfkessel and Maschinenbe- 
trieb. 1-36, 1878-1913. 

Zeitschrift für Elektrotechnik und Maschinenbau. 
1-5, 1898-1902, 

Zeitschrift fur Heizung, Lüfting und Beleuch- 
tung. 1-12, 1896-1908. 

Zeitschrift fur Kleinbahnen. 
1901. 

Zeitschrift fur komprimierte und flussige Gase. 
1-даїе, 1897-date. 

Zeitschrfit fur physikalische Chemie. 
1887-date. 

Zeitschrift fur Sauer und Stickstoffindustrie. 
1-date, 1908-date. 

Zeitschrift fur Transportwesen. 

Zeitschrift für d. gesamte Kalteindustrie. 
1894-1908. 

Zeitschrift fur das ges. Schiess u. Sprengstoff- 
wesen. l-date, 1906-date. 

Zeitschrift für d. Gesamte Turbinenwesen. 
1904-1906. 

Zement und Beton. 


1-56, 1874-1910. 
1-3, 5, 8-9, 11-20 


(Kopen- 


1, 3-8, 1894, 1896- 


1-date, 


1-28, 1884-1907. 
1-15, 


1-3, 


1-date, 1902-date, 


200 PROCEEDINGS OF A.L. E. E. [june 
OFFICERS AND BOARD OF DIRECTORS, 1913-1914 
PRESIDENT. 

(Term expires July 31, 1914.) 

C. O. MAILLOUX. 

JUNIOR PAST-PRESIDENTS. 

GANO DUNN. RALPH D. MERSHON. 

. VICE-PRESIDENTS. 
(Term expires July 31, 1914.) (Term expires July 31, 1915.) 
A. W. BERRESFORD. J. A. LIGHTHIPE. 
WILLIAM S. MURRAY. H. H. BARNES, JR 
SEVERN D. SPRONG. CHARLES E. SCRIBNER. 
MANAGERS. 
(Term expires July 31, 1914.) (Term expires July 31, 1915.) (Term expires July 31, 1916.) 


F. S. HUNTING. 
NORMAN W. STORER. 
WILLIAM S. LEE. 
FARLEY OSGOOD. 


TREASURER. 
GEORGE A. HAMILTON. 


(Term e 


COMFORT A. ADAMS. 

J. FRANKLIN STEVENS. 
WILLIAM B. JACKSON. 
WILLIAM McCLELLAN. 


H. A. LARDNER. 

B. A. BEHREND. 
PETER JUNKERSFELD. 
LEWIS T. ROBINSON. 


SECRETARY. 
F. L. HUTCHINSON. 


xpires July 31, 1914.) 


PAST-PRESIDENTS.—1884-1913. 


*NORVIN GREEN, 1884-5-6. 
*FRANKLIN L. POPE, 1886-7. 

T. COMMERFORD MARTIN, 1887-8. 
EDWARD WESTON, 1888-9. 

ELIHU THOMSON, 1889-90. 
*WILLIAM A. ANTHONY. 1890-91. 
ALEXANDER GRAHAM BELL, 1891-2. 
FRANK JULIAN SPRAGUE, 1892-3. 
*EDWIN J. HOUSTON, 1893-4-5. 
LOUIS DUNCAN, 1895-6-7. 

FRANCIS BACON CROCKER, 1897-8. 
A. E. KENNELLY, 1893-1900. 


CARL HERING, 1900-1. 
CHARLES P. STEINMETZ, 1901-2. 
CHARLES F. SCOTT, 1902-3. 
BION J. ARNOLD, 1903-4. 

JOHN W. LIEB, Jr., 1904-5. 
SCHUYLER SKAATS WHEELER, 1905-6. 
SAMUEL SHELDON, 1906-7. 
HENRY G. STOTT, 1907-8. 

LOUIS A. FERGUSON, 1908-09. 
LEWIS B. STILLWELL, 1909-10. 
DUGALD C. JACKSON, 1910-11. 
GANO DUNN, 1911-12. 


RALPH D. MERSHON, 1912-13. 


*Deceased. 


HONORARY SECRETARY. 
RALPH W. POPE, 


33 West 30th Street, New York. 


GENERAI. COUNSEL. 


PARKER and AARON, 


52 Broadway, New York. 


1914] 


INSTITUTE AFFAIRS 


201 


STANDING COMMITTEES 
Revised to June 1, 1914. 


EXECUTIVE COMMITTEE 


C. O. MAILLOUX, Chairman, 

90 West St., New York. 
H. H. BARNES, JR., New York. 
GANO DUNN, New York. 
GEORGE A. HAMILTON, Elizabeth, N. J. 
WILLIAM McCLELLAN, New York. 
CHARLES E. SCRIBNER, New York. 
J. FRANKLIN STEVENS, Philadelphia, Pa. 


FINANCE COMMITTEE 


J. FRANKLIN STEVENS, Chairman, 

1326 Chestnut Street, Philadelphia, Pa. 
A. W. BERRESFORD, Milwaukee, Wis. 
S. D. SPRONG, Brooklyn, N. Y. 


LIBRARY COMMITTEE 


SAMUEL SHELDON, Chairman, 

108% Schermerhorn Street, Brooklyn, N. Y. 
F. L. HUTCHINSON, New York. 
F. B. JEWETT, New York. 
MALCOLM MacLAREN, Princeton, 
W. I. SLICHTER, New York. 


N. J. 


MEETINGS AND PAPERS COMMITTEE 


W. S. RUGG, Chairman, Í 
165 Broadway, New York. 
LEWIS T. ROBINSON, Secretary, 

General Electric Company, Schenectady, N. Y. 
L. W. CHUBB, Swissvale, Pa. 
H. A. HORNOR, Philadelphia, Pa. 
HENRY H. NORRIS, Ithaca, N. Y. 

and the chairmen of the technical committees. 


EDITING COMMITTEE 


LEWIS T. ROBINSON, Chairman 
General Electric Company, Schenectady, N. Y. 
P. F. POWLE, New York. 
H. M. HOBART, Schenectady, N. Y. 
M. G. LLOYD, Chicago, Ill. 
А. S. McALLISTER, New York. 
W.I. SLICHTER, New York. 


CODE COMMITTEE 


PARLEY OSGOOD, Chairman, 
703 Broad Street, Newark, N. J. 
B. A. BEHREND, Boston, Mass. 
J. C. FORSYTH, New York. 
H. B. GEAR, Chicago, Ill. 
H. N. MULLER, Pittsburgh, Pa. 
H. R. SARGENT, Schenectady, N. Y. 
A. M. SCHOEN, Atlanta, Ga. 
GEORGE P. SEVER, New York. 
C. E. SKINNER, East Pittsburgh, Pa. 


BOARD OP EXAMINERS 
MAURICE COSTER, Chairman, 
165 Broadway, New York. 
W. G. CARLTON, New York. 
A. S. McALLISTER, New York. 
F. W. ROLLER, New York. 
S. D. SPRONG, Brooklyn, N. Y. 


SECTIONS COMMITTEE 
P. M. LINCOLN, Chairman, 
P. O. Box 911, Pittsburgh, Pa. 
C. L. CORY, Berkeley, Cal. 
S. G. McMBEEN, Columbus, Ohio. 
W. S. RUGG, New York. 
J. F. STEVENS, Philadelphia, Pa. 
and the chairmen of all Sections, ex officto, 


STANDARDS COMMITTEE 
A. E. KENNELLY, Chairman, 

Harvard University, Cambridge, Mass. 
COMFORT A. ADAMS, Secretary, 

Harvard University, Cambridge, Mass. 
MORTON ARENDT, New York. 
JAMES BURKE, Erie, Pa. 
W. A. DEL MAR, New York. 
W. C. L. EGLIN, Philadelphia, Pa. 
H. W. FISHER, Perth Amboy, N. J. 
H. M. HOBART, Schenectady, N. Y. 
DUGALD C. JACKSON, Boston, Mass. 
F. B. JEWETT, New York. 
В. G. ТАМ МЕ, Pittsburgh, Ра. 
W. A. LAYMAN, St. Louis, Mo. 
M. G. LLOYD, Chicago, Ill. 
R. H. MARRIOTT, New York. 
A. S. McALLISTER, New York. 
WILLIAM McCLELLAN, New York. 
W. L. MERRILL, Schenectady, N. Y. 
W. S. MOODY, Pittsfield, Mass. 
HAROLD PENDER, Boston, Mass. 
W. H. POWELL, Milwaukee, Wis. 
CHARLES ROBBINS, East Pittsburgh, Pa. 
LEWIS T. ROBINSON, Schenectady, N.Y. 
E. B. ROSA, Washington, D. C. 
CHARLES F. SCOTT, New Haven, 
CLAYTON H. SHARP, New York. 
C. E. SKINNER, Pittsburgh, Pa. 
JAMES M. SMITH, Ampere, N. J. 
CHARLES P. STEINMETZ, Schenectady, N.Y. 
S. W. STRATTON, Washington, D. C. 
PHILIP TORCHIO, New York. 


LAW COMMITTEE 
CHARLES A. TERRY, Chairman, 
165 Broadway, New York. 
CHARLES L. CLARKE, Schenectady, N. Y 
CHARLES E. SCRIBNER, New York. 
G. H. STOCKBRIDGE, New York. 
W. B. VANSIZE, New York. 


Conn. 
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SPECIAL COMMITTEES 


Revised to June 1, 1914. 


INDUSTRIAL POWER COMMITTEE 

R. TSCHENTSCHER, Chairman, 

Illinois Steel Company, South Chicago, Ill. 
WILLIAM T. DEAN, Chicago, Ill. 
A. C. EASTWOOD, Cleveland, Ohio. 
E. FRIEDLAENDER, Braddock, Pa. 
C. T. HENDERSON, Milwaukee, Wis. 
CHARLES W. PARKHURST, Johnstown, Pa. 
KARL А. PAULY, Schenectady, N. Y. 
W. H. POWELL, Milwaukee, Wis. 
B. R. SHOVER, Youngstown, Ohio. 
ROBERT B. TREAT, East Orange, N. J. 
BRENT WILEY, Pittsburgh, Pa. 


TELEGRAPHY AND TELEPHONY 
COMMITTEE 
F. F. FOWLE, Chairman, 
68 Maiden Lane, New York. 

M. H. CLAPP, St. Paul, Minn. 
E. H. COLPITTS, New York. 
M. M. DAVIS, New York. 
S. P. GRACE, New York. 
A. H. GRISWOLD, San Francisco, Cal. 
JOHN L. HOGAN, Jr., Brooklyn, N. Y. 
L. S. KEITH, Chicago, Ill. 
S. G. McMEEN, Columbus, Ohio. 
CLOYD MARSHALL, New York. 
WILLIAM MAVER, Jr., New York. 
J. H. MORECROFT, New York. 
SAMUEL REBER, Washington, D. C. 
F. L. RHODES, New York. 
J. L. WAYNE, Indianapolis, Ind. 
C. S. WINSTON, Chicago, Ill. 
G. M. YORKE, New York. 


ELECTROCHEMICAL COMMITTEE 

A. F. GANZ, Chairman, 

Stevens Institute of Technology.Hoboken.N. J. 
C. F. BURGESS, Madison, Wis. 
M. W. FRANKLIN, Bloomfield, N. J. 
A. McK. GIFFORD, Pittsfield, Mass. 
CARL HERING, Philadelphia, Pa. 
BURTON McCOLLUM, Washington, D. C. 
L. L. SUMMERS, Chicago, Ill. 
W. R. WHITNEY, Schenectady, N. Y 


COMMITTEE ON 
ELECTRICALLY PROPELLED VEHICLES, 
HAROLD PENDER, Chairman, 

491 Boylston St., Boston, Mass. 
A. CHURCHWARD, Boston, Mass. 
G. H. JONES, River Forest, Ill. 
ERNEST LUNN, Chicago. Ill. 
FRANK W. SMITH, New York. 
H. H. SMITH, Orange. N. J. 
H. F. THOMSON, Boston, Mass. 
P. D. WAGONER, Long Island City, N Y. 
F. E. WHITNEY, Philadelphia, Pa. 
J. L. WOODBRIDGE, Philadelphia, Pa. 


COMMITTEE ON USE OF ELECTRICITY IN 
MINES 


WILFRED SYKES, Chairman, 
Box 242, East Liberty, Pa. 
C. W. BEERS, Wilkesbarre, Pa. 
GRAHAM BRIGHT, Wilkinsburg, Pa. 
H. H. CLARK, Pittsburgh, Pa. 
MARTIN H. GERRY, Jr., Helena, Mont. 
J. M. HOPWOOD, Wheeling, W. Va. 
J. T. JENNINGS, Pottsville, Pa. 
B. T. VIALL, Miami, Arizona. 
GEORGE R. WOOD, Philadelphia, Pa. 


COMMITTEE ON USE OF ELECTRICITY IN 
MARINE WORK 


C. S. McDOWELL, Chairman, 

U. S. Navy, Navy Yard, New York. 
D. M. MAHOOD, Secretary, 

U. S. Navy Yard, Brooklyn, N. Y. 

J. J. CRAIN, Quincy, Mass. 
MAXWELL W. DAY, Schenectady, N.Y. 
W. L. R. EMMET, Schenectady, N.Y. 
F. C. HANKER, Wilkinsburg, Pa. 
H. L. HIBBARD, Milwaukee, Wis. 
GUY HILL, Brooklyn, N. Y. 
H. A. HORNOR, Philadelphia, Pa. 
O. P. LOOMIS, Newport News, Va. 
G. A. PIERCE, Jr., Philadelphia, Pa. 
ELMER A. SPERRY, Brooklyn, N. Y. 
F. W. WOOD, New York. 


PRIME MOVERS COMMITTEE 
H. G. STOTT, Chairman, 


600 West 59th Street, New York. 


F. G. GASCHE, Chicago, ІШ. 

W. S. GORSUCH, New York. 

P. JUNKERSFELD, Chicago, Ill. 
DANIEL W. MEAD, Madison, Wis. 
R. J. S. PIGOTT, New York. 

G. I. RHODES, Boston, Mass. 


ELECTROPHYSICS COMMITTEE 


J. B. WHITEHEAD, Chairman, 

Johns Hopkins University, Baltimore, Md. 
EDWARD BENNETT, Madison, Wis. ° 
H. L. BLACKWELL, Cambridge, Mass. 

W. S. FRANKLIN, South Bethlehem, Pa. 
E. P. HYDE, Cleveland, Ohio. 

E. L. NICHOLS, Ithaca, N. Y. 

G. W. PIERCE, Cambridge, Masa. 

M. I. PUPIN, New York. 

E. B. ROSA, Washington, D. C. 

HARRIS J. RYAN, Stanford University, Cal. 
CHARLES P.STEINMETZ,Schenectady, N.Y. 
WILLIAM R. WHITNEY, Schenectady, N. Y. 
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ELECTRIC POWER COMMITTEE 


DAVID B. RUSHMORE, Chairman, 


P. AND M., ОЕРТ., General Electric Company. 


Schenectady, N. Y. 


E. A. LOP, Secretary, 
P. AND M. Dert., General Electric Company, 
Schenectady, N. Y. 


and the members of the following sub-committees: 


1. Power Stations. 


DUGALD C. JACKSON, Chairman. 

Massachusetts Institute of Technology, 
Boston, Mass. 

F. G. BAUM, San Francisco, Cal. 

F. O. BLACKWELL, New York. 

N. A. CARLE, Newark, N. J. 

HUGH HAZELTON, New York. 

A. H. KRUESI, Schenectady, N. Y. 

B. G. LAMME, Pittsburgh, Pa. 

J. A. LIGHTHIPE, Los Angeles, Cal. 

IRVING E. MOULTROP, Boston, 

L. L. PERRY, Chicago, Ill. 

R. A. PHILIP. Boston, Mass. 

A. E. POPE, Shelburne Falls, Mass. 

FRANK SARGENT. Boston, Mass. 

J. F. VAUGHAN, Boston, Mass. 


Mass. 


2. Power Generation Committee. 


H. W. BUCK, Chairman, 
49 Wall Street, New York 
ALLAN V. GARRATT, Holliston, Mass. 
F. G. GASCHE, Chicago, Ill. 
DANIEL W. MEAD, Madison, Wis. 
S. D. SPRONG, Brooklyn, N. Y. 


3. Protective Apparatus. 


CHARLES P. STEINMETZ, Chairman, 
General Electric Company, Schenectady, N. Y. 

E. E. P. CREIGHTON, Schenectady, ы Y. 

R. P. JACKSON, Swissvale, Pa. 

N. J. NEALL, Boston, Mass. 

FARLEY OSGOOD, Newark, N. J. 

Р. W. PEEK, Jr.. Schenectady, N. Y. 

JOHN H. RODDY, Charlotte, N. C. 

R. P. SCHUCHARDT, Chicago, Ill. 

S. D. SPRONG, Brooklyn, N. Y. 

PERCY H. THOMAS, New York, 


4. Transmission 


P. W. SOTHMAN, Chairman, 

17 Battery Place, New York. 
H. W. BUCK, New York. 
C. I. BURKHOLDER, Charlotte, N. C. 
“MARKHAM CHEEVER,Salt Lake City, Utah 
V. G. CONVERSE, Niagara Falls, N. Y. 
Р. M. DOWNING, San Francisco, Cal. 
O. H. ENSIGN, Los Angeles, Cal. 
G. FACCIOLI, Pittsfield, Mass. 
F. M. FARMER, New York. 
VICTOR H. GREISSER, Spokane, Wash. 
P. T. HANSCOM, Boston, Mass. 
JOHN HARISBERGER, Seattle, Wash. 


- 4. Transmission— Continued 


. HARRINGTON, Raleigh. N. C. 
. KELSCH, Montreal, P. Q. 

. LIGHTHIPE, Los Angeles, Cal. 
. LINCOLN, Pittsburgh, Pa. 
MAHONEY, Shelburne Falls, 
. MacCALLA, Spokane, Wash. 

. McCLELLAND, New York. 

. MITCHELL, Birmingham, Ala. 
. H. PAINE, New York. 

. PHILIP, Boston, Mass. 

. RUFFNER, St. Louis, Mo. 

N. RYERSON, Duluth, Minn. 
IAN C. SMITH, Montreal. P. Q. 
M. WILSON, Westmount, Que. 
A. WORCESTER, Schenectady, N. Y. 


M ass. 
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5. Distribution. 


P. JUNKERSFELD, Chairman. 

120 West Adams Street, Chicago. Ill. 
E. J. BLAIR, Oak Park, Ill. 
W. G. CARLTON, New York. 
H. B. GEAR, Chicago, Ill. 
HAROLD GOODWIN, Philadelphia, Pa. 
P. M. LINCOLN, Pittsburgh. Pa. 
E. B. MERRIAM, Schenectady, N. Y. 
W. S. MURRAY, New Haven, Conn. 
RALPH H. RICE, Chicago, 11. 
PHILIP TORCHIO, New York. 


6. Economics 


WILLIAM McCLELLAN, Chairman, 
141 Broadway, New York. 

E. J. CHENEY, Secretary, 

4 Bedford Road, Schenectady, N. Y. 
FARLEY G. CLARK, Toronto, Ont. 
W. S. GORSUCH, New York. 
P. JUNKERSFELD, Chicago, Ill. 
W. N. RYERSON, Duluth, Minn. 
W. S. TWINING, New York. 


7. Engineering Data. 


PERCY H. THOMAS, Chairman, 
2 Rector Street, New York. 

N. A. CARLE, Newark, N. J. 

F. F. FOWLE, New York. 

H. M. HOBART, Schenectady, N. Y. 

L. E. IMLAY, Niagara Falls, N. Y. 

O. A. KENYON, New York. 

A. S. McALLISTER, New York. 

C. S. McDOWELL, New York. 

HAROLD PENDER, Boston, Mass. 

E. B. ROSA, Washington, D. C. 

W. S. RUGG, New York. 

C. E. SKINNER, Pittsburgh, Pa. 

C. W. STONB, Schenectady, N. Y, 
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ELECTRIC ILLUMINATION COMMITTEE 
CLAYTON H. SHARP, Chairman, 

556 East 80th Street, New York. 
LOUIS BELL, West Newton, Mass. 
FRANK CONRAD, Swissvale, Pa. 
J. W. COWLES, Boston, Mass. 
E. P. HYDE, Cleveland, Ohio. 
A. E. KENNELLY, Cambridge, Mass. 
C. P. LACOMBE, New York. 
IRVING LANGMUIR, Schenectady, N. Y. 
V. R. LANSINGH, Cleveland, Ohio. 
PRESTON S. MILLAR, New York. 
E. B. ROSA, Washington, D. C. 
W. D'A. RYAN, Schenectady, N. Y. 
G. H. STICKNEY, Harrison, N. J. 


RAILWAY COMMITTEE. 
FRANK J. SPRAGUE, Chairman, 
165 Broadway, New York. 

E. B. KATTE, Vice Chairman, 

Grand Central Terminal, New York. 
A. H. ARMSTRONG, Schenectady, N. Y. 
P. W. CARTER, Rugby, England. 
FREDERICK DARLINGTON, New York. 
W. A. DEL MAR, New York. 
C. E. EVELETH, Schenectady, N. Y. 
W. S. GORSUCH, New York. 
HUGH HAZELTON, New York. 
E. R. HILL, New York. 
W. S. MURRAY, New Haven, Conn. 
A. S. RICHEY, Worcester, Mass. 
CLARENCE, RENSHAW, Pittsburgh, Pa. 
MARTIN SCHREIBER, Newark, N. J. 
N. W. STORER, East Pittsburgh, Pa. 
B. F. WOOD, New York. 


COMMITTEE ON RECORDS AND 
APPRAISALS OF PROPERTIES. 


W. B. JACKSON, Chairman, 

111 W. Monroe Street, Chicago, Ill. 
HAROLD ALMERT, Chicago, Ill. 
BION J. ARNOLD, Chicago, Ill. 
PHILANDER BETTS, Newark, N. J. 
FRED A. BRYAN, South Bend, Ind. 
H. H. CROWELL, Grand Rapids, Mich. 
HENRY FLOY, New York. 
WILLIAM McCLELLAN, New York. 
H. S. PUTNAM, New York. 

PAUL SPENCER, Philadelphia, Pa. 
W. S. TWINING, New York. 
B. F. WOOD, New York. 


EDUCATIONAL COMMITTEE. 


H. H. NORRIS, Chairman, 

103 College Ave., Ithaca, N. Y. 
F. C. BATES, New York. 
G. A. DAMON, Pasadena, Cal. 
C. R. DOOLEY, East Pittsburgh, Pa. 
W. A. HILLEBRAND, Corvallis, Oregon. 
J. P. JACKSON, Harrisburg, Pa. 
G. W. LAMKE, St. Louis, Mo. 
C. L. MEES, Terre Haute, Ind. 
J. H. MORECROFT, New York. 
A. J. ROWLAND. Philadelphia, Pa. 
ROBERT SIBLEY, San Francisco, Cal. 
CHARLES P.STEINMETZ, Schenectady, N. Y. 
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PUBLIC POLICY COMMITTEE. 


CALVERT TOWNLEY, Chairman, 
165 Broadway, New York. 
WILLIAM McCLELLAN, Vice Chairman, 
141 Broadway, New York. 
W. H. BLOOD, Jr.. Boston, Mass. 


i 
H. W. BUCK, New York. 
J. J. CARTY, New York. 
C. C. CHESNEY, Pittsfield, Mass. i 
JOHN H. FINNEY, Washington, D. C. 
P. JUNKERSFELD, Chicago, Ill. 
H. A. LARDNER, San Francisco, Cal. 
L. A. OSBORNE, East Pittsburgh, Pa. 
E. W. RICE, Jr., Schenectady, N. Y. 
LEWIS B. STILLWELL, New York. | 
Н. G. STOTT, New York. | 


PATENT COMMITTEE. 


RALPH D. MERSHON, Chairman, 

80 Maiden Lane, New York. 
BION J. ARNOLD, Chicago, Ill. 
C. S. BRADLEY, New York. 
F. F. FOWLE, New York. 
PETER COOPER HEWITT, New York. 
JOHN F. KELLY, Pittsfield. Mass. 
H. WARD LEONARD, Bronxville, 
M. I. PUPIN, New York. 
A. H. TIMMERMAN, St. Louis, Mo. 
W. E. WINSHIP, Newark, N. J. 
B. F. WOOD, New York. 


N. Y. 


TECHNICAL LECTURES COMMITTEE. 


W. I. SLICHTER, Chairman, 
Columbia University, New York. 
WILLIAM A. DEL MAR, Secretary, 
N. Y. C. & H. R. R. R. Co., 

Grand Central Terminal, New York. 
L. T. ROBINSON, Schenectady, N. Y. 
W. S. RUGG, New York. 
J. B. WHITEHEAD, Baltimore, Md. 


SPECIAL COMMITTEE ON ORGANIZATION 
OF TECHNICAL COMMITTEES. 


W. S. RUGG, Chairman, 
165 Broadway, New York. 
B. A. BEHREND, Boston, Mass. 
H. W. ВОСК, New York. 
BANCROFT GHERARDI, New York. 
F. S. HUNTING, Fort Wayne, Ind. 


ENGINEERING COOPERATION ° 
COMMITTEE. 


WILLIAM McCLELLAN, Chairman, 
141 Broadway, New York. 
H. H. BARNES, Jr., New York. 
A. W. BERRESFORD, Milwaukee, Wis. 
C. E. SCRIBNER, New York. 
S. D. SPRONG, Brooklya, N. Y. 
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MEMBERSHIP COMMITTEE. 


A. M. SCHOEN, Chairman, 

Equitable Building, Atlanta Ga. 
E. W. ALLEN, Chicago, Ill. 
E. A. BALDWIN, Schenectady, N. Y. 
F. J. BULLIVANT, St. Louis, Mo. 
O. B. COLDWELL, Portland, Ore. | 
MAURICE COSTER, New York. 
BANCROFT GHERARDI, New York. 
A. H. LAWTON, New York. 
S. J. LISBERGER, San Francisco, Cal. 
N. J. NEALL, Boston, Mass. 
K. C. RANDALL, East Pittsburgh, Pa. 
H. CLYDE SNOOK, Philadelphia, Pa. 


CONSTITUTIONAL REVISION COMMITTEE 


BANCROFT GHERARDI, Chairman, 
15 Dey Street, New York. 
F L. HUTCHINSON, Secretary, New York. 
DUGALD C. JACKSON, Boston, Mass. 
P. M. LINCOLN, Pittsburgh, Pa. 
A. S. McALLISTER, New York. 
WILLIAM McCLELLAN, New York. 
W. S. MURRAY, New Haven, Conn. 
W. S. RUGG, New York. ` 
N. W. STORER, East Pittsburgh, Pa. 
H. G. STOTT, New York. 
P. H. THOMAS, New York. 
CALVERT TOWNLEY, New York. 
W. D. WEAVER, Charlottesville, Va. 


U. S. NATIONAL COMMITTEE ОР THE 
INTERNATIONAL ELECTROTECHNICAL 
COMMISSION 


FRANCIS B. CROCKER, President. 
14 West 45th St., New York. 

A. E. KENNELLY, Secretary, 

Harvard University, Cambridge, Mass. 
C. A. ADAMS, Cambridge, Mass. 
FREDERICK BEDELL, Ithaca, N. Y. 
LOUIS BELL, West Newton, Mass. 
J. J. CARTY, New York. 
GANO DUNN, New York. 
CARL HERING, Philadelphia, Pa. 
Н. M. HOBART, Schenectady, N. Y. 
P. JUNKERSFELD, Chicago, Ill. 
С. O. MAILLOUX, (Ex Officio) New York. 
B. G. LAMME, Pittsburgh. Pa. 
J. W. LIEB, Jr.. New York. 
E. B. ROSA, Washington, D. C. 
CHARLES Р. SCOTT, New Haven, 
CLAYTON H. SHARP, New York. 
SAMUEL SHELDON, Brooklyn, N. Y. 
CHARLES P. STEINMETZ, Schenectady, N. Y. 
HENRY G. STOTT, New York. 
S. W. STRATTON, Washington, D. C. 
ELIHU THOMSON, Lynn, Mass. 


Conn. 


INDEXING TRANSACTIONS COMMITTEE. 


GEORGE I. RHODES, Chairman, 
111 Devonshire Street, Boston, Mass, 
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COMMITTEE ON CODE OF PRINCIPLES 
OF PROFESSIONAL CONDUCT. 


GEORGE Р. SEVER, Chairman, 
13 Park Row, New York. 
H. W. BUCK, New York. 
GANO DUNN, New York. 
JOHN P. KELLY, Pittsfield, Mass. 
SCHUYLER SKAATS WHEELER, 
Ampere, N. J. 


INTERNATIONAL ELECTRICAL CONGRESS, 
SAN FRANCISCO, 1915. 


EXECUTIVE COMMITTEE OF COMMITTEE 
ON ORGANIZATION. 


CHARLES P. STEINMETZ, Honorary Presi- 
dent of Congress. 


E. B. ROSA, Honorary Secretary of Congress. 


H. G. STOTT, Chairman, 
600 West 59th Street, New York. 


JOHN W. LIEB, Jr., Vice-Chairman, 


C. O. MAILLOUX, Chairman, Sub-Committee 
on International Relations, 


A. E. KENNELLY, Chairman, Sub-Committee 
on Program, 


HENRY A. LARDNER, Chairman, Sub-Com- 
mittee on Pacific Coast Relations, 


H. H. BARNES, Jr., Chairman, Sub-Committee 
on Transportation. 


GEORGE Р. SEVER, Chairman, Sub-Commit- 
tee on Entertainment. 


PRESTON S. MILLAR, Secretary-Treasurer 
and Chairman, Sub-Committee on Pub- 
licity. 556 East 80th Street, New York. 


Р. L. HUTCHINSON, Secretary, А. I. E. E. 
(Ex Officio). 


NEW YORK RECEPTION COMMITTEE. 


A. H. LAWTON, Chairman, 

55 Duane Street, New York. 
H. H. BARNES, Jr.. New York. 
F. C. BATES, New York. 
H. M. BRINCKERHOFF, New York. 
W. G. CARLTON, New York. 
MAURICE COSTER, New York. 
D. C. DURLAND, New York. 
H. W. FLASHMAN, New York. 
HENRY, FLOY, New York. 
J. W. LIEB, Jr., New York. 
H. B. LOGAN, New York. 
WILLIAM McCLELLAN, New York. 
W. E. McCOY, New York. 
P. A. MUSCHENHEIM, New York. 
FARLEY OSGOOD, Newark, М. J. 
P. A. PATTISON, New York. 
C. E. SCRIBNER, New York. 
GEORGE F. SEVER, New York. 
SAMUEL SHELDON, Brooklyn, 
S. D. SPRONG. Brooklyn, N. Y. 
PERCY H. THOMAS, New York. 
CALVERT TOWNLEY, New York. 
W. F. WELLS, Brooklyn, N. Y. 


N. Y. 
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HISTORICAL MUSEUM COMMITTER. COMMITTEE ON RELATIONS OP 
T. C. MARTIN, Chairman. CONSULTING ENGINEERS. 


20 West 39th Street, New York. LEWIS B. STILLWELL, Chairman, 


JOHN J. CARTY, New York. 100 Broadway, New York. 
CHARLES L. CLARKE, Schenectady, N. Y. FRANCIS BLOSSOM, New York. 

LOUIS DUNCAN, New York H. W. ВОСК, New York. ° 

E. W. RICE, JR.. Schenectady. N. Y. GANO DUNN, New York. 

CHARLES F. SCOTT, New Haven, Conn. O. S. LYFORD, Jr., New York. 

FRANK J. SPRAGUE, New York. D. P. ROBINSON, Chestnut Hills, Mass. 


EDISON MEDAL COMMITTEE. 


Appointed by the President for terms of five years. 


Term expires July 31, 1918. Term expires July 31, 1917. 
H. W. BUCK, New York. A. E. KENNELLY, Cambridge, Mass. 
J. FRANKLIN STEVENS, Philadelphia, Pa. Н. WARD LEONARD, Bronzxville, N. Y. 
F. A. SCHEFFLER, New York. ROBERT T. LOZIER, New York. 

Term expires July 31, 1918. Term expires July 31, 1915. 
FRANK J. SPRAGUE, New York. ELIHU THOMSON, Lynn, Mass. 
SCHUYLER SKAATS WHEELER. Chairman, J. W. LIEB, Jr., New York. 

Ampere, N. J. 

W. D. WEAVER, Charlottesville, Va. E. L. NICHOLS, Ithaca, N. Y. 


Term expires July 31, 1914. 


PHILIP P. BARTON, Niagara Falls, N. Y. J. J. CARTY, New York. 
J. G. WHITE, New York. 


Elected by the Board of Directors from its own membership for terms of two years. 


Term expires July 31, 1915. ` Term expires July 31, 1014. 
H. H. BARNES, JR. New York. FARLEY OSGOOD, Newark, N. J. 
WILLIAM McCLELLAN, New York. RALPH D. MERSHON, New York. 
S. D. SPRONG, New York. ` CHARLES E. SCRIBNER, New York. 


Ex-Officio Members. 


С. O. MAILLOU X, President, New York. 
GEORGE A. HAMILTON, Treasurer, F. L. HUTCHINSON, Secretary, 
Elizabeth, N. J. New York. 


INSTITUTE REPRESENTATIVES 


ON BOARD OF AWARD, JOHN RRITZ MEDAL. 


DUGALD C. JACKSON, Boston, Mass. RALPH D. MERSHON, New York. 
GANO DUNN, New York. C. O. MAILLOUX, New York, 


ON BOARD OF TRUSTEES, UNITED ENGINEERING SOCIETY. 


GANO DUNN, New York. CHARLES E. SCRIBNER, New York. 
H. H. BARNES, Jr., New York. 


ON LIBRARY BOARD OF UNITED ENGINEERING SOCIETY. 


SAMUEL SHELDON, Brooklyn N. Y. MALCOLM MacLAREN, Princeton, N. J. 
F. B. JEWETT, New York. W. I. SLICHTER, New York. 
F. L. HUTCHINSON. New York. 
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INSTITUTE REPRESENTATIVES 


(Continued.) 


ON ELECTRICAL COMMITTEE OP NATIONAL FIRE PROTECTION ASSOCIATION. 
The Chairman of the Institute's Code Committee, Farley Osgood, Newark, N. J. 


ON ADVISORY BOARD OF AMERICAN YEAR-BOOK. 
EDWARD CALDWELL, New York. 


ON ADVISORY BOARD, NATIONAL CONSERVATION CONGRESS. 
CALVERT TOWNLEY, New York. 


ON COUNCIL OF AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE. 
W. S. FRANKLIN, South Bethlehem, Pa. G. W. PIERCE, Cambridge, Mass. 


ON CONFERENCE COMMITTEE OF NATIONAL ENGINEERING SOCIETIES. 
CALVERT TOWNLEY, New York. WILLIAM McCLELLAN, New York. 


ON JOINT COMMITTEE ON ENGINEERING EDUCATION. 
CHARLES P. SCOTT, New Haven, Conn. SAMUEL SHELDON, Brooklyn, N. Y. 


ON AMERICAN ELECTRIC RAILWAY ASSOCIATION'S COMMITTEE 
ON JOINT USE ОР POLES 


FARLEY OSGOOD, Newark, N. J. F. B. H. PAINE, New York. 
PERCY H. THOMAS, New York. 


ON NATIONAL JOINT COMMITTEE ON OVERHEAD LINE CONSTRUCTION. 


FARLEY OSGOOD, Newark, N. J. F. B. H. PAINE, New York. 
PERCY H. THOMAS. 


ON NATIONAL COMMITTEE ON ELECTROLYSIS 


BION J. ARNOLD, Chicago, Ill. F. N. WATERMAN, New York. 
PAUL WINSOR, Boston, Mass. 


ON JOINT COMMITTEE ON LEGISLATION RELATIVE TO REGISTERING ENGINEERS. 
WILLIAM McCLELLAN, New York. S. D. SPRONG, New York. 


ON BOARD OF MANAGERS, PANAMA-PACIFIC INTERNATIONAL ENGINEERING 
CONGRESS, 1916. 


À. M. HUNT, San Francisco, Cal. J. G. DEREMER, San Francisco, Cal. 
And the PRESIDENT and SECRETARY of the Institute. 


ON NATIONAL COMMITTEE OF INTERNATIONAL ILLUMINATION COMMISSION. 


A. E. KENNELLY, Cambridge, Mass. C. O. MAILLOUX, New York. 
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SOURCES OF DIRECT CURRENT FOR ELECTRO- 
CHEMICAL PROCESSES 


BY Е. р. NEWBURY 


ABSTRACT OF PAPER 

The problem involved in producing direct current for electro- 
chemical processes is outlined, and the difficulties are pointedout. 

Of the methods of power supply using steam turbines that are 
available, it 1s shown that: 

(a) Direct-connected d-c. turbo-generators are available only 
in relatively small units, and cannot be designed as conserva- 
tively from the commutation standpoint as 15 desirable. 

(d) Unipolar generators driven by turbines have proven un- 
satisfactory on account of current collection difficulties. 

(c) The standard medium-speed d-c. generator connected to 
a high-speed turbine through gearing affords a satisfactory unit. 

(d) The combined a-c. turbo-generator and converter unit 
probably affords the best all-around method. It is economical, 
reliable and flexible. Its particular ficlds of application are where 
large units and long transmissions are required. 

n waterpower p direct-connected d-c. generators and 
a-c. generators with converters are available. The combined a-c.- 
d-c. equipment is usually the most reliable and economical. 

With reciprocating engine units, there is no reason for con- 
sidering other methods than the direct-connected slow-speed 
generator. 


HE ELECTRICAL power problem involved in all com- 
mercially important electrochemical processes is the produc 
tion of very large amounts of direct current energy at compara- 
tively low voltages. Single circuits often require as much as 10,000 
amperes, and in electrolytic processes the voltage is rarely 
more than 250 volts. The present paper will briefly outline the 
problem, list the various methods of obtaining the required 
electrical energy and compare these methods from the stand- 
points of efficiency, first cost and reliability in operation. 

The electrical problem is intimately connected with the 
available prime movers and their advantageous operating 
speeds. In modern installations, steam turbines and water 
wheels with their relatively high speeds are of major importance. 
Reciprocating steam engines are of importance mainly in com- 
bination with low pressure turbines. Up to the present time, 
gas and oil engines have Һа little or no application in modern 
electrochemical plants, but the present rapid development of 
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the Diesel engine abroad may make its influence felt in the 
near future. 

The design of direct-current machinery, either generators or 
rotary converters, of sufficient current capacity for electro- 
chemical work, is a problem of considerable inherent difficulty 
because of the large currents involved, the high speeds of the 
preferred prime movers, and the continuous full load service 
required. In some cases, as in a-c. turbo-generators, the low 
voltage involved may become a serious limitation in design 
aside from its association with the large amperage. 

The large currents and high speeds are closely associated and 
may be discussed together as the commutation problem. 


THE COMMUTATION PROBLEM. 


In direct-current generators and synchronous converters the 
speed and the permissible number of poles bears a certain relation- 
ship,the product of which, in terms of revolutions per second and 
pairs of poles, is the frequency. In synchronous converters this 
is, of course, a rigid relationship due to their synchronous 
operation. In direct-current generators, the frequency is com- 
monly lost sight of but at the higher outputs and higher speeds 
under consideration it is practically as important a limitation, 
as in svnchronous converters. The current output in com- 
mutating machines is proportional to the number of parallel 
circuits in the armature which in turn is equal to the number of 
poles. The tendency, therefore, is to increase the number of 
poles indefinitely as the required current output is increased. 
But this indefinite increase is limited, to mention only the most 
important factors, by the number of current collecting brush 
arms that can be placed around the commutator and the num- 
ber of commutator bars that can be placed between brushes 
without exceeding safe commutator peripheral speeds. If con- 
servative design limits are not to be exceeded, it 1s necessary to 
keep the frequency within 60 cycles and desirable to keep it 
within 50 cycles. 

With the maximum number of parallel circuits and poles that 
can be used, the total current output is then limited by the 
permissible length of commutator. At the higher commutator 
speeds required by the frequencies usual with the d-c. generators 
under consideration, 800 amperes per brush arm 1s as high as 
should be considered under the continuous service required by 
electrochemical processes. Lower values are commonly used in 
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60-cycle synchronous converters and higher values are per- 
missible in 25-cycle converters, the peripheral speeds being 
respectively higher and lower. Uniformly higher values can be 
safely used for the intermittent service commonly experienced 
in industrial plants and central stations. Higher values can 
also be used.in very low voltage machines using metal instead' 
of carbon brushes. 

With these none too conservative limits of 50 cycles and 800 
amperes per brush arm, the following maximum current out- 
puts result for 250-volt direct-current generators for the range 
of speeds commonly used: 


Prime mover 


and genera- Poles | Frequency Amperes Kw. at 250 
tor Budd | | volts 
1 800-1500 - 500 ' 4 | 60-50 1,600 400 
500 | 12 50 4.500 1,200 
400 16 53 6,400 1,600 
300 20 | 50 8,000 2,000 
250 | 24 50 9,600 2,400 
200 30 | 850 12,000 3,000 
175 34 | 50 13.600 3.400 
150 40 | 50 16,000 4,000 


Larger outputs than those listed have in some instances been 
built at certain speeds but only at the expense of reliability 
in operation. This is particularly true of direct-connected 
direct-current turbo-gencrators. 

Double commutator generators if used would double the 
above ampere and kilowatt limits but difficulties inherent in 
parallel operation of the circuits from two commutators con- 
nected to the same winding have, after several unfortunate 
attempts, caused this construction to be abandoned for large 
machines where conservative practise has been followed. 

It is evident from the above discussion that the major diffi- 
culties in building generators and synchronous converters for 
large currents center in the mechanical design of the com- 
mutator. The peripheral speed is pushed' to the highest limit 
to obtain room for as many poles as possible; the length of 
commutator face is made as long as possible ‘to increase the 
permissible current per circuit to the limit. 

Three constructions have been developed and are in more or 
less general use to meet these severe conditions. 

(a) A modification of the ordinary V-ring construction 
involving an additional auxiliary V-ring at the outer end of the 
commutator. 
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(b A modification of the ordinary V-ring construction 
involving a shrink midway between the two ends of the сот- 
mutator bars. 

(c) А simple shrink ring construction involving more 
shrink rings, depending on the length of the commutator. 

The so-called three V-ring type retains all the advantages 
from the repair standpoint of the simpler two V-ring type. The 
combined V-ring shrink ring type has the disadvantages 
from a repair standpoint inherent in the simple shrink type. 
These two types are comparable in their range of application. 
Such commutators have been built with 20 to 25-in. (50.8 to 
63.5-cm.) face and 5500 ít. (1676 m.) per minute peripheral 
speed. The simple shrink ring {уре obviously does not permit 
of easy repair and is limited to comparatively small commutator 
diameters. It 1s, however, the strongest construction available 
for smaller diameter commutators and is necessarily used for 
direct-connected turbo units. 

Improvements in commutator design and construction during 
the past four or five years have been largely instrumental in 
improving the operation and extending the permissible output 
of the generators and synchronous converters upder consideration. 

A word in regard to the operation of machines having long 
high-speed commutators is not out of place. Such commutators 
built up in part, as they are, of more or less compressible in- 
sulating material, require a period of '' seasoning ” and adjust- 
ment before they will operate without further change in shape. 
А certain amount of such seasoning occurs during the manu- 
facture and test of the machine (where testing is possible), 
but it is very seldom that additional grinding and tightening 
is not necessary after installation. 


THE DISTRIBUTION PROBLEM 


Energy in the form of heavy currents at comparatively low 
voltages as used 1n electrochemical work is not efficiently port- 
able. It must be used substantialy where it is generated. 
Very heavy busbar structures, expensive both in first cost and 
in energy loss, are necessary to carry the large currents in- 
volved, from the generator to the point at which it 1s used, and 
for distance more than a few hundred feet the cost becomes 
prohibitive. For transmission distances of 1000 ft. (304.8 m.) 
or more, it is usually necessary to consider transmission at a 
higher voltage. This introduces the alternating-current gen- 
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erator апа synchronous converter combination of power supply. 
The relative location of power station and the pots or tanks 
where the current is used has, therefore, an important bearing 
on the choice of a power system. This will be referred to again 
in detail in discussing water power installations. 


VOLTAGE VARIATION 


Electrochemical plants usually require some means of ad- 
justment of the voltage in order to maintain constant current 
under the varying circuit conditions incident to operation. 
With direct-current generators this is readily obtained by 
simple field current control, a single generator usually supplying 
a single series of tanks. With synchronous converters, if the 
‘required range 15 not more than 5 per cent, it can also be 
obtained by adjustment of the field current, assuming sufficient 
reactance to exist in the alternating-current circuit. Ifa greater 
range of voltage variation is required, several methods are 
available, the one commonly preferred at the present time 
involving the addition of a small alternating-current generator 
to the synchronous converter unit, this generator acting as a 
synchronous booster. In both generators and converters, 
the performance under the wide range of voltage sometimes 
required has been greatly improved, in recent designs, by 
properly proportioned commutating poles. 


CoNTINUITY OF SERVICE 


A feature of electrochemical load that has an important 
bearing on the satisfactory performance of the equipment 15 the 
requirement for steady full-load operation for long periods 
without shutdown. Many commutating machines that will 
operate with entire satisfaction on a fluctuating railway or 
lighting load will fail utterly on a continuous load of no greater 
value than the average load in the former case. The fluctuating 
load affords periods of light load during which the commutator 
and brushes can clean and polish themselves and the daily shut- 
downs permit the correction of incipient troubles. It is for this 
reason more than any other that sericus trouble has been 
experienced in so many instances with commutating machines 
in electrochemical plants. For this reascn alone commutating 
machines intended for operation in such plants should be of 
the most substantial and of the simplest type and should be 
designed, particularly from the standpoint of commutation, 
well within conservative limits. 
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The general problem having been stated, the various methods 
of meeting the required conditions will be considered. 


STEAM TURBINE-DRIVEN UNITS 


Four arrangements involving steam turbine prime movers 
have been more or less successfully operated: 

(a) Direct-connected commutator-type direct-current gen- 
erators. 

(b) Direct-connected unipolar-type  direct-current gener- 
ators. 

(c) Gear-connected commutator-type direct-current gen- 
erators. | 

(d) Direct-connected alternating-current generator with 
synchronous converter. 

(a) Direct-connected, direct-current turbo-generators are 
Hmited to relatively small current ratings due to the very high 
speed necessary if reasonable turbine economy is to be obtained, 
and for such sizes as can be built, suitable for electrochemical 
work, conservative design limits must be exceeded. For this 
reason it 1s almost impossible to build direct-connected units 
that wil bc generally satisfactory under the severe operating 
conditions inherent in electrochemical works. The efficiency of 
the direct-current turbo-generator is low due to the high speed 
and frequency; that of the turbine is low due to the spced which, 
while high from the standpoint of the generator, is low from the 
standpoint of best turbine ретістіт апсе. The trend of develop- 
ment, both in this country and in Europe, where the most work 
with direct-connected direct-current units has been done, 15 
away from direct-connected units. 

(b) Since the difficulties in the design of direct-current 
generators for electrochemical work have been mainly associated 
with the commutator, a generator from which commutation has 
been eliminated would seem to offer a way out of all troubles. 
In the unipolar type, commutation is eliminated by the employ- 
ment of unipolar flux, that is, flux of one polarity external to the 
armature. It is only necessary to collect the generated direct- 
current from the two ends of the armature by means of col- 
lector rings and brushes as commonly emploved in alternating- 
current generators and synchronous converters. But it has 
required only two or three attempts with large units to show 
that, with the increase in current and speed desired, the simple 
process of current collection becomes a more difficult problem 
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than commutation at thc lower speeds available with alternative 
methods. The only unipolar generator large cnough to be con- 
sidered for electrochemical power supply now in commercial 
operation is the 2000-kilowatt, 250-volt, 8000-ampere 1200- 
rev. per min. unit described in a paper before this Institute.* 
This paper also gives in detail the difficulties encountered and 
overcome before this unit could be operated with reasonable 
maintenance cost. Due to the low core loss and windage loss of 
this type, the efficiency is relatively high. The first cost and 
maintenance cost, however, are also high. 

(c) With the development, during the past three years, of a 
satisfactory gear for the transmission of large powers, the direct 
production of large currents with steam turbine prime movers 
has been placed оп a much more satisfactory footing. This 
gearing is usually of the double helical type with the pinion 
mounted in a floating frame so as to equalize the tooth pressures 
in spite of the long face necessary. Obviously-with an efficient 
and satisfactory gear available, the speeds of the turbine and 
the generator can be selected within fairly wide limits to suit 
the conflicting requirements of the prime mover and generator. 
As a matter of fact, generators which have been supplied for con- 
nection to turbines through gearing have been of the same speed 
and design as generators of the same rating driven by induction or 
synchronous motors in motor-generator sets. For example, such 
ratings for 250 volts would be 1000. kilowatts at 500 rev. per 
min., 1500 kilowatts at 360 rev. per min.; 2000 kilowatts at 
300 rev. per min., and 3000 kilowatts at 180 rev. per min., 
which are all within the limiting ratings and speeds previously 
given. These units may, therefore, be designed as conserva- 
tively as similar generators used in motor-generator scts with 
relatively high efficiency and low cost. Such units have been 
in service for several years and have amply proven their depend- 
ability. Two large units of 3750 kilowatts, the turbine operating 
at 1800 rev. per min., and the generator at 180 rev. per min., 
have been supplied for lighting service. 

(d) Another satisfactory means for obtaining the required 
direct current is afforded by turbine-driven alternating-current 
generators to which synchronous converters are clectrically con- 
nected. The alternating-current generators may be of the 
usual synchronous type or of the induction type. This method 
has been used in a number of copper refining plants, and was 


* Development of a Successful Direct- Current. 2000-kw. Unipolar Gen- 
erator, В. G. Lamme, PROoCcEEDpINGs, A. I. E. E., June, 1912. 
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used in industrial plants generally prior to the development of 
the geared unit. While it is lower in cost than either the direct- 
connected or unipolar types of generators and higher in efficiency 
than the former, it 1s somewhat inferior to the gear-connected 
unit, except when the unit becomes so large that 3600 rev. per 
min. turbines cannot b2 used in the geared unit. This method 
possesses obvious advantages in flexibility of plant arrangement. 
For plants in which the transmission distance is short enough, 
the generator can be designed for the required converter voltage 
and the converter connected directly to the generator terminals. 
Where, however, distances are greater, the generator can be 
wound for a higher voltage and step-down transformers installed 
with the converters at the electrolytic tanks. 

Synchronous converters have been used instead of motor- 
generator sets primarily because of their higher efficiency. Con- 
sidering the most unfavorable conditions from the standpoint 
of the synchronous converter, that is, a 60-cycle synchronous 
booster converter with transformers, the efficiency of a 1000 
kilowatt, 250-volt, synchronous converter outfit would be, at 
least, 92 per cent, while the efficiency of an equivalent motor- 
generator set without transformers would rarely be higher than 
88 per cent. Without transformers, without the boosters (where 
large variations in voltage are not required) and with a 25- 
cvcle system, the comparison would be still more favorable to 
the svnchronous converter. 

If ít 15 necessary to entirely separate, electrically, the dif- 
ferent circuits, each consisting of a synchronous converter and 
scries of tanks, this can be done as effectively by the use of 
transformers in connection with the converters as by the use of 
separate generators in motor-generator sets. 

If transformers are necessary, the combined cost of the con- 
verter and transformer will be substantially the same as that 
of the motor-generator set. 

The inherent advantages of the induction type generator for 
this service have been pointed out in a paper before the In- 
stitute* in which a specific application to electrolytic work was 
described. The stators of the synchronous and induction gen- 
erators are substantially the same; the difference between 
them lies in the rotors. The rotor of the induction generator 
consists of a simyle winding formed of bars short-circuited by 
end rings as in the more familiar induction motor. As in the 


*The Non-Synchronous Generator in Central Station and Other Work, 
W. L. Waters, Transactions, A. I. E.E., Vol XXVII, p. 157. 
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motor, this winding need not be insulated from the core, and 
there are no collector rings and brushes which, at turbine 
speeds, require some care and attention. While, however, the 
induction type rotor is inherently simpler than the synchronous 
generator rotor, so much more development work has been 
done with the latter type that, as actually constructed, the 
synchronous rotor is, if anything, more reliable in operation 
than the rotor of the induction generator. The exciting or 
magnetizing current of the induction generator must be supplied 
from the synchronous converter so that the converter is under 
the handicap of operation at a power factor lower than unity. 
This handicap may become serious if it is desired to increase the 
voltage above that originally contemplated. "The voltage of the 
synchronous generator on the other hand is very simply controlled 
by changes in its exciting current, so that in this respect the 
combined alternating-current generator-synchronous converter 
unit is on a par with the direct-current generator. For these 
reasons the induction generator has not been extensively applicd. 

Тһе ‚comparative efficiency of the various methods just 
described, based on a 2000-kilowatt, 250-volt unit are given in 
the following table: 


Apparatus Efficiency 
(a) Direct -connected commutator type generator, 
three 750-kilowatt, 1500 rev. per min......... 89 
(b) Direct connected unipolar type generator, 2000- 
kilowatt, 12,000 rev. per тіп............... 92 
(c) Gear connected generator, 
Gear 3,600-300 rev. per тїп...................... 98 
Generator 2,000 kilowatts, 300 rev. per min....... 93.5 
Сот\Апей4д..................................... 91.6 
(d) Alternating-current generator-converter set 
A-c. generator, 2,000-kilowatts, 3,600 rev. per min. 94.5 
CODES eed x aco xs a A Oe db dod AER 99.5 
Synchronous converter, 2,000 kilowatts, 300 rev. — 
Dé? пип суы Vnd RE eoo EAS 96 
Combined usu u oni bes Ri n oe n Ar e S as 90.2 


In considering these efficiencies, the lower economies of the 
lower speed turbines for (a) and (b), and for (c) in larger sizes, 
should not be lost sight of. 


WATERWHEEL-DRIVEN UNITS 


With waterwheel-driven units, the choice lies between direct- 
connected direct-current generators or direct-connected alter- 
nating-current generators and synchronous converters. In 
very few plants can waterwheel generators be located near 
enough to the electrochemical plant to justify the installation 
of direct-connected direct-current generators, in view of the 
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expensive structure required for the transmission of the heavy 
currents. The various questions involved in such an installation 
can best be brought out by a comparison of the d-c. and a-c.-d-c. 
installations in a specific instance. 

For this purpose a plant having an ultimate capacity of | 
120,000 h.p. with a water power having a 250-ft. (76.2-m.) 
head has been chosen. The largest direct-current units that 
could be even considered are 5000-kilowatt, 250-volt operating 
at a speed of 170 rev. per min. It will be noted that this current 
rating in proportion to the speed is higher than previously 
given as a conservative rating. Nineteen such units would be 
required and with a diameter of approximately 25 ft. (7.6 m.) 
these generators would require a power house approximately 
700 ft. (213.3 m.) long. Contrasted with the direct-current 
equipment, eight 12,500-kv-a., 277 rev. per min. 60-cycle 
generators could be used. These generators could be placed 
in a power house approximately 250 ft. (76 m.) long. In each 
case one spare unit 1s included. In further contrast with the 
direct-current units, the alternating-current units are well 
within conservative design limits, much larger generators at 
higher speeds having been buit. With the direct-current 
units a lower speed has necessarily been chosen than would be 
most economical for the water wheels, consequentlv the water 
wheel efficiencies. are lower for the direct-current plant than 
for the alternating-current plant. The comparative efficiencies 
with the two svstems are shown in the following table: | 


COMPARATIVE EFFICIENCIES. A-C. 
generation 
D-C. and con- 
generation verters 
Waterwheels............................ ХО per cent NO per cent 
GENET RUS е Ad ж ДЫБЫ 05 96 
Transmission, assuming a distance of 2000 
ft. (609 m.)................... 02 99.2 
Step-down transformers................. 95.6 
Synchronous converters................. 90 


Low-tension wiring from step-down trans- 
formers to load (assuming 50 ít. 
ТТ мейли қойға данына 99.6 
Over-all efficiencies (from watertoload)... 69.7 80.1 
Ten per cent difference in efficiency would mean an appre- 
ciable difference in the investment cost and, therefore, in the 
cost of power even with a water power installation. In the 
present instance, assuming an investment cost of $60 per h.p., 
this difference would amount to three-quarters of a million 
dollars. 
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The comparative costs of the two propositions based on the 
total cost of the direct-current system as 100 per cent are shown 
In the following table: 


A-C. gen- 
D-C. eration and 


generation converters 


19-5.000-kilowatts 170-rev. per min. 250- 

volt d-c. generators with water 

wheels complete (one unit spare) 

&DDFOX. а ioo ek uma d a 60 per cent 
8-12,750 kilowatts 277 rev. per min.. 

11,000-volt 60-cycle a-c. genera- 

tors with waterwheels complete 

(one unit а spare) арргох........ 38 per cent 
Transmission (based on 90,000 kilowatts 

250 volts for 2,000 ft. (609 m.) 

with copper at 10% cts. per Ib. 

(0.45 kg.) loss 8 percent] approx.. 38 1 
19-5250 kilowatts, three-phase, 60-cycles 

O. I. W. C. transformers 11,000 

to 180 volts (one a spare unit) 

&DDIOK:. араа 44 
19-5,000 kilowatts, six-phase, 250-volt 4-с. | 

synchronous converters with 10 

per cent buck and 10 per cent 

boost (one a spare unit) approx., 

(Each unit consisting of two 

2500-kilowatt converters)....... 20 
Low-tension wiring from step-down trans- 

formers to low [50 ft. (15.2m.) 


assumed] approx............... 1 
Switching equipment, approx............ 2 74 
Totals аач 100 81 


The above costs do not include the cost of supports, anchors 
and insulation for the direct-current transmission line which, 
with the very heavy structure necessary, would be a considerable 
item. 

Obviously with a smaller plant and, particularly, with a 
shorter transmission distance, the cost of the direct-current 
plant would be materially less. The efficiency, however, would 
not be greatly improved unless more efficient wheels could be 
used, and the drop in the transmission reduced by a material 
increase in the cost of this part of the plant. For example, for a 
plant of 60,000 h.p. instead of 120,000 h.p. and assuming 1000 
ft. (304.8 m.) length and 5 per cent loss for the direct current 
transmission, the a-c.-d-c. plant would still have 8 per cent 
higher efficiency but its.cost would be 10 per cent more than 
the direct current. Even on this basis the a-c.-d-c. plant would 
be more economical. Its flexibility is, moreover, an additional 
advantage of great importance. 

These figures are well substantiated by the change in practise 
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found desirable by one of the largest aluminum companies. 
All of the recent work done by this company has been with 
alternating-current generators and synchronous converters. 
A large installation. involving nine 2500-kilowatt, 500-volt, 
60-cycle synchronous converters is now being erected and a 
still larger installation involving 60-cycle machines of similar 
rating is in process of construction. 

At the lower voltages more commonly involved in electro- 
chemical work, a 60-cycle system has considerable advantage 
over a 25-cycle system. The higher frequency is an advantage 
from the standpoint of the turbine because of the higher available 
speeds; costs throughout the installation are less. In the 
synchronous converters the higher frequency is an advantage 
due to the larger number of poles and armature circuits for a 
given speed. At the higher voltages, that is, 500 to 700, some- 
times used for the reduction of aluminum, there is a slight 
advantage from the standpoint of the synchronous converter 
design in the lower frequency. "This, however, is not sufficient 
to overcome the other disadvantages incident to the lower 
frequency. 

RECIPROCATING ENGINE UNITS 


While these units have very little application in modern 
plants, they should be mentioned to complete this survey. 
From the generator standpoint the lower speeds common 
with reciprocating units is a decided advantage, permitting as 
it does a large number of poles and armature circuits. On 
account of this fact there is no reason for considering other 
schemes than the simple direct-connected commutator-type 
direct-current generator. The efficiency of a 2000-kilowatt, 
250-volt unit would be 94 per cent. 


CONCLUSION 


From the many schemes proposed for the generation of 
direct current for electrochemical plants, two plans assuming 
steam turbine prime movers have decided advantages in effi- 
ciency and reliability and flexibility in operation. These are 
the gear-driven commutator-type generator where the distance 
between the power plant and the place of utilization is short, 
and the combined alternating-current generator and syn- 
chronous converter plant when this distance becomes too 
great for economical low-voltage transmission or the units be- 
come too large for economicla turbine speeds. 


Presented at the Chicago Section Meeting of 
the American Instiiute of Electrical Engineers, 
Chicago, Ill., October 29, 1913. 


Copyright 1913. By A.I.E.E. 
(Subject to final revision for the Transactions.) 


INSTABILITY OF ELECTRIC CIRCUITS 


— 


BY CHARLES P. STEINMETZ 


ABSTRACT OF PAPER 


An outline of a theory and classification of instability in 
electric circuits is given, divided into three types: 

1l. The transients resulting from the readjustment of the 
stored energy to changed circuit conditions. 

2. Unstable electrical equilibrium; that is, the condition in 
which the effect of a cause increases the cause. This is illustrated 
by the electric arc on constant potential, and the induction 
motor within certain speed ranges and loads. 

3. Permanent instability resulting from a combination 
of circuit constants which can not co-exist. This is illustrated 
by the arcing ground on a transmission line, and by the hunt- 
ing of synchronous converters, and the phenomena ot continuous 
and cumulative oscillations. It is shown that such phenomena 
require an energy supply resulting fromalag of the effect behind 
the cause, or a hysteresis cycle, and frequently involve a fre- 
quency transformation. 

The phenomenon of hunting of synchronous machines, and 
the mechanism of the transfer of the hunting energy from the 
supply power, then is treated explicitly, as an illustration of the 
general character of these phenomena. 


URING the earlier days of electrical engineering practically 
all theoretical investigations were limited to circuits in 
stable or stationary condition, and where phenomena of insta- 
bility occurred, and made themselves felt as disturbances or 
troubles in electric circuits, they either remained not understood, 
or the theoretical study was limited to the specific phenomenon, 
as in the cases of lightning, dropping out of step of induction 
motors, hunting of synchronous machines, etc., or, as in the 
design of arc lamps and arc lighting machinery, the opinion 
prevailed that theoretical calculations were impossible and that 
design by trial only, based on practical experience, was feasible. 
The first class of unstable phenomena, which was systemat- 
ically investigated, was the transients, and even today it is 
questionable whether a systematic theoretical classification 
and investigation of the conditions of instability in electric 
circuits is yet feasible. Only a preliminary classification and 
discussion of such phenomena will be attempted in the following. 
13 
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Three main types of instability in electric systems may be 
distinguished: | | 

1. The transients of readjustment to changed circuit con- 
ditions. | 

2. Unstable electrical equilibrium; that is, the condition in 
which the effect of a cause increases the cause. 

3. Permanent instability resulting from a combination of 
circuit constants which cannot co-exist. 


(1) TRANSIENTS 


Transients are the phenomena which occur at the change of 
circuit conditions, when current, voltage, etc., readjust them- 
selves from the values corresponding to the previous condition 
to the values corresponding to the new condition of the circuit. 
For instance, if a switch is closed, and thereby a load put on the 
circuit, the current cannot instantly increase to the value cor- 
responding to the increased load, but some time elapses, during 
which the increase of the stored magnetic energy corresponding 
to the increased current, is brought about. Or, if a motor switch 
is closed, a period of acceleration intervenes before the flow of 
current becomes stationary, etc. 

The characteristic of transients therefore is, as implied in the 
term, that they are of limited, and usually of very short duration, 
intervening between two periods of stable conditions. 

Considerable theoretical work has been done, more or less 
systematically, on transients, and a great mass of information 
is thus available in the literature. However, to some extent, 
the transients of our theoretical literature, are still those of the 
"phantom circuit"; that is, a circuit in which the constants 
r, L, C, g, are assumed as constant. The effect of the variation 
of constants, as found more or less in actual circuits, viz., the 
change of L with the current in circuits containing Iron; the 
change of C and g with the voltage (corona, etc.); the change 
of r and g with the frequency, etc., has been studied to a limited 
extent only, and in specific cases. 

In the application of the theory of transients to actual electric 
circuits, considerable judgment is thus often necessary to allow 
and correct for these “secondary” phenomena which are not 
included in the theoretical equations. 

Especially deficient is our knowledge of the conditions under 
which the attenuation constant of a transient becomes zero or 
negative, and the transient thereby becomes permanent, or be- 
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comes a cumulative surge, and the phenomenon thereby is taken 
out of group one and falls under group three or group two of 
unstable systems. 


(2) UNSTABLE ELECTRICAL EQUILIBRIUM 


If the effect brought about by a cause is such as to oppose or 
reduce the cause, the effect must limit itself and stability be 
finally reached. If, however, the effect brought about by a 
cause increases the cause, the effect continues with increasing 
mtensity, that is, instability results. 

This applies not to electrical phenomena alone, but equally 
to all other phenomena. 

For instance, if in a motor, by increase of load, the torque 
becomes less than the load, the motor slows down. If now the 
decrease of speed of the motor increases the motor torque—as 
in a series motor—the decrease of speed stops at the speed at 
which the motor torque has become equal to the load. Thus, 
the decrease of speed limits itself, and a stable condition is 
restored at a lower speed. If, however, the decrease of speed 
of the motor decreases the motor torque—as in an induction 
motor below the maximum torque point—the decrease of the 
motor speed causes a still greater reduction of the motor torque 
below the load, and, therefore, a still greater slowing down of 
the motor, and thus with increasing rapidity the motor speed 
decreases until the motor stops; a condition of unstable equi- 
librium. 

Such instability is usually the result of the system; that 15, 
the combination of elements, but is not inherent in any of the 
elements. For example, in the above instance of the induction 
motor, while the part of the induction motor speed torque 
curve below the maximum torque is often called the ''unstable 
branch", this is true only relatively. If, with the decrease of 
the speed of the motor due to an increased load, the load would 
also decrease, and if the load should decrease with the speed 
at a faster rate than the motor torque decreases, (fans, ship 
propellers), the decrease of speed would limit itself; that is, 
the condition would be stable. 

To illustrate more fully, іп Fig. 1 are shown the speed-torque 
curves of an induction motor for various values of constant 
impressed voltage, 61, ез, ез. . . . ев. 

With a load requiring the same éonstant torque at all speeds, 
A in Fig. 1, the motor could not run at all at voltages e, and ez. 
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At voltages e; and es the motor would start and run up to a 
speed near synchronism, where it is stable. At voltages es to е; 
the motor torque equals the load at two speeds, a, and as, on 
the curve e,. The higher one of these is stable, the lower un- 
stable. From any speed above a; the motor speeds up to а). 
From any speed below а», it slows down to a standstill. АП 
the speeds below that corresponding to the maximum torque 
point co are unstable with this character of load and cannot 
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Fic. 1—SPEED-TORCUE CURVES OF INDUCTION Мотой 


persist, but the motor either accelerates and runs up to above so 
or slows down to standstill. 

With a load requiring a torque proportionate to the speed, 
B, in Fig. 1 (electric generator with constant field excitation 
and constant resistance of load), the motor always starts, but 
for voltages e, to es never can run above a low speed (where the 
current is high and the efficiency and power factor low). For 
voltages of e; and above the motor starts and runs up to a speed 
near synchronism. For voltage е, three points exist, 01, bs, bs, 
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where the motor torque equals the load; b, and b; are stable, 
b; unstable. From below b: the motor slows down to bs. From 
above be it speeds up to Ьу. The motor curve now has an un- 
. Stable branch between the speeds s; and s, (corresponding to 
the two points of contact, сз and ci, of the motor torque with 
tangents from the origin, which for the sake of clearness have 
been illustrated on curve e;), and two stable branches below s; 
and above 51. 

With a load requiring a torque proportional to the square of 
the speed, C, in Fig. 1 (fan, ship propeller), unstability does not 
exist, but the conditions are always stable over the entire range 
of the speed torque curve of the motor, and the motor always 
starts and runs up to a definite speed, which is the only speed 
at which the motor can carry the particular load. With other 
shapes of motor torque curves—as those due to a drop of supply 
voltage with a decrease of speed—an unstable range may appear 
between two stable ranges, and in the case C also. 

Probably the most important case of unstable electrical 
equilibrium is afforded by circuits containing an arc. It is 
the determining feature in the design of arc lamps, circuits and 
machinery, and 1s possibly responsible for more disturbances in 
electric circuits than any other phenomenon. 

The voltage consumed by an arc decreases with increase of 
current, as shown by curve A, іп Fig. 2. If then the arc is oper- 
ated from a supply circuit of constant voltage, ео, Fig. 2, and r is 
the resistance of this supply circuit outside of the arc, the volt- 
age consumed by the resistance r 2, is shown by B, in Fig. 2, апа 
the total voltage of arc and resistance derived by adding А and 
B is given by C, in Fig. 2. As seen, two values of current 
exist, 4; and tz, at which the arc could operate in this circuit. 
The higher current z, is stable, the lower current zç, is unstable, 
and the branch of the curve C below the minimum point t is 
unstable; that above to is stable. 

On a constant-current circuit the arc at atmospheric pressure 
is stable. | 

Inversely, with the mercury arc in a vacuum, as the quartz 
lamp, instability may appear under certain conditions on a 
constant current circuit, as the result of the relation of tempera- 
ture and voltage. Increasing temperature increases the vapor 
pressure, and with it the voltage, and thus, on constant current, 
the power consumed by the vacuum arc. Increasing power 
consumption, however, increases the temperature, and thereby 
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the voltage, and so on, and if the rate of temperature rise, due 
to increasing voltage, is greater than the rate of voltage rise due 
to incrcasing temperature, instability results, and the arc runs 
away; otherwise 1t is stable. 

Similar phenomena, as shown by the arc, are exhibited by 
some solid conductors, which, in a certain temperature range, 
have a very high temperature coefficient; so-called ‘‘pyro-elec- 
trolytes". А typical volt-ampere curve of such a conductor is 
shown in Fig. 3. As seen, at voltage eo three values of current 
are possible, 4i, t2, and із. Of these the low and the high ones 


Fic. 2—VOLTAGE OF ARC 


are stable, the intermediate one z, unstable, and so is the entire 
range between zo and 19’, the maximum and the minimum of the 
volt-ampere characteristic. 

The Nernst lamp glower is such a pyro-electrolyte, and its 
operating current is on the unstable branch of the character- 
istic, therefore a steadying resistance or reactance is required, 
just as with an arc on constant voltage supply. Most of these 
conductors are chemical compounds, and at higher currents, 
and thus temperatures, their conduction becomes electrolytic. 
However, some clementary substances, as boron and silicon, 
also belong to this class of conductors. 
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(3) PERMANENT INSTABILITY 


If the constants of an electric circuit, as resistance, inductance, 
capacity, disruptive strength, impressed voltage, etc., have 
values which cannot co-exist, the circuit is unstable, and re- 
mains so as long as these constants remain unchanged. Such 
instability usually leads to phenomena which are more or less 
periodic or intermittent. | 

The nature of these phenomena of permanent instability is 
best shown by an example illustrated in Fig. 4. Let A and B be 
two conductors of an.ungrounded high-potential transmission 
line, and 2e the voltage impressed between these two conductors. 
Let C represent the ground. 

The capacity of the conductors А and B against ground may 
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then be represented diagrammatically by two condensers C, = С», 
and the voltages from the lines to ground by e; and ез. In 
general, the two line capacities are equal: C, = Cs, and the 
two voltages to ground thus equal also: e, = es = e with a 


Single-phase, and = tr with a three-phase line. 

Assume now that a ground P is brought near one of the lines 
A, but within the striking distance of the voltage e. А discharge | 
then occurs over the conductor P. Such may occur by the 
puncture of a line insulator as is not infrequently the case. Let 
r = resistance of the discharge path P. While without this 
discharge path, the voltage between A and C would be e; = e 
(assuming a single-phase circuit) with a grounded conductor 
P approaching line A within striking distance of voltage e, a 
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discharge occurs over P, forming an arc, and the circuit of the 
impressed voltage 2e now comprises the condenser C; in series 
to the multiple circuit of condenser С, and arc P, and the con- 
denser C; rapidly discharges, voltage е, decreases, and the voltage 
es increases. With a decrease of voltage ei, the discharge cur- 
rent z also decreases, and the voltage consumed by the discharge 
arc е! increases until the two voltages, e, and е”, cross, as shown 
in the curve diagram of Fig. 4." At this moment the current 1 
in the arc vanishes, the arc ceases, and the shunt of the conden- 
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ser С, formed by the discharge over P thus ceases. The voltage 
e, then rises, еҙ decreases, and the two voltages tend toward 
equality, е = ез = e. Before this point is reached, however, 
the voltage e; has passed the disruptive strength of the discharge 
gap P, the discharge by the arc over P again starts, and the 
cycle thus repeats indefinitely. 

In Fig. 4 are diagrammatically sketched voltage e; of condenser 
Cı, the voltage е” consumed by the discharge arc over P, and the 
current 4 of this arc, under the assumption that r is sufficiently 
high to make the discharge non-oscillatory. If r is small each 
of these successive discharges is an oscillation. 
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Such an unstable circuit gives a continuous series of succes- 
sive discharges, which are single impulses, as in Fig. 4, or more 
commonly are oscillations. 

If the line conductors A and B in Fig. 4 have appreciable 
inductance, as is the case with transmission lines, in the charge 
of the condenser Ci, after it has been discharged by the arc over 
P, the voltage е, would rise beyond e, approaching 2e, and the 
discharge would thus start over P, even if the disruptive strength 
of this gap is higher than e, provided that it is still below the 
voltage momentarily reached by the oscillatory charge of the 
line condenser Сі. 

This combination of two transmission line conductors and the 
ground conductor P, approaching near line A to a distance 
giving a striking voltage above e, but below the momentarily 
charging voltage of С), then constitutes a circuit which has 
two permanent conditions, one of stability and one of in- 
stability. If the voltage 2e is gradually applied, ei — es — e, 
the condition is stable, as no discharge occurs over P. If, how- 
ever, by some means, as a momentarily overvoltage, a discharge 
is once produced over the spark gap P, the unstable condition 
of the circuit persists in the form of successive and recurrent 
discharges. 

The most interesting class in this group of unstable electric 
systems is the oscillations resulting sometimes from a change 
of circuit conditions (switching, change of load, etc.) which con- 
tinue indefinitely with constant intensity, or which steadily 
increase in intensity, and may thus be called permanent and 
cumulative surges, hunting, etc. They may be considered as 
transients in which the attenuation constant is zero or negative. 

In the transient resulting from.a change of circuit conditions, 
the energy which represents the difference of stored energy of 
the circuit before and after the change of circuit conditions, is 
dissipated by the energy loss in the circuit. As energy losses 
always occur, the intensity of a true transient thus must always 
be a maximum at the beginning, and steadily decrease to zero 
or to a permanent condition. An oscillation of constant in- 
tensity or of increasing intensity thus is possible only by an 
energy supply to the oscillating system brought about by the 
oscilation. If this energy supply is equal to the energy dis- 
sipation, constancy of the phenomenon results. If the energy 
supply is greater than the energy dissipation, the oscillation is 
cumulative, and steadily increases until self-destruction of the 
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System results, or the increasing energv loss becomes equal to 
the energy supply, and a stationary condition of oscillation 
results. The mechanism of this energy supply to an oscillating 
system from a source of energv differing in. frequency from that 
of the oscillation, is still practically unknown, and very little 
investigating work has been done to clear up the phenomenon. 
It is not even generally understood that the phenomenon of a 
permanent or cumulative line surge involves an energy supply, 
or energy transformation, of a frequency equal to that of the 
oscillation. 

Possibly the oldest and best known instance of such cumulative 
oscillations 1s the hunting of synchronous machines. 

Cumulative oscillations between electro-magnetic and elec- 
trostatic energy have been observed by their destructive effects 
in high-voltage electric circuits, on transformers and other 
apparatus, and have been, in a number of instances where their 
frequency was sufficiently low, recorded by the oscillograph. 
They obviously are the most dangerous phenomena in high- 
voltage electric circuits. Relatively little exact knowledge ex- 
ists of their origin. Usually, if not alwavs, an arc some- 
where in the system is instrumental in the energy supply which 
maintains the oscilation. In some instances, as in wireless 
telegraphy, they have found industrial application. А system- 
atic theoretical investigation of these cumulative electrical 
oscillations probably is one of the most important problems 
before the electrical engineer today. 

The general nature of these permanent and cumulative oscil- 
lations and their origin by oscillating energy supply, from the 
transient of a change of circuit condition, 1s best illustrated by 
the instance of the hunting of synchronous machines, and this 
may, therefore, be investigated somewhat more in detail. 

Practicallv all theoretical study of the hunting of synchronous 
machines has been limited to the calculation of the frequency 
of the transient oscillation of the synchronous machine, at a 
change of load, frequency or voltage, at synchronizing, etc. 
However, this transient oscillation is harmless, and becomes 
dangerous only if the oscillation ceases to be transient, but be- 
comes permanent and cumulative; and thus the most important 
problem in the study of hunting is the determination of the cause 
which converts the transient oscillation into a cumulative one; 
that is, the determination of the source of the energy, and the 
mechanism of its transfer to the oscillating system. То design 
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synchronous machines so as to have no or very little tendency 
to hunting, obviously requires a knowledge of those character- 
istics of design which are instrumental in the energy transfer to 
the oscillating system, and thereby cause hunting, so as to avoid 
them and produce the greatest possible inherent stabilitv. 

If, in an induction motor running loaded, at constant speed, 
the load 1s suddenly decreased, the torque of the motor being 
in excess of the reduced load causes an acceleration, and the 
speed increases. As, in an induction motor, the torque is a 
function of the speed, the increase of speed decreases the torque, 
and thereby decreases the increase of specd until that speed is 
reached at which the motor torque has dropped to equality with 
the load, and thereupon acceleration and further increase of 
speed ceases, and the motor continues in operation at the constant 
higher speed. That is, the induction motor reacts оп a decrease 
of load by an increase of speed, which is gradual and steady 
without any oscillation. 

If, on a synchronous motor running loaded, the load 1s sud- 
denly decreased, the beginning of the phenomenon is the same 
as in the induction motor; the excess of motor torque causes 
an acceleration, that is, an increase of speed. However, in the 
synchronous motor the torque is not a function of the speed, 
but in a stable condition, the speed must always be the same, 
synchronism, and the torque is a function of the relative position 
of the rotor to the impressed frequency. The increase of speed, 
due to the excess torque resulting from the decreased load, 
causes the rotor to run ahead of its previous relative position, 
and thereby decreases the torque until by means of increased 
speed, the motor has run ahead from the relative position cor- 
responding to the previous load, to the relative position cor- 
responding to the decreased load. Then the acceleration, and 
with it the increase of speed, stops. But the speed is higher 
than in the beginning, that is, is above synchronism, and the 
rotor continues to run ahead, the torque continues to decrease, 
is now below that required by the load, and the latter thus 
exerts a retarding force, decreases the speed, and brings it back 
to synchronism. But when synchronous speed is reached 
again the rotor is ahead of its proper position, and thus cannot 
carry its load, and it begins to slow down, until it is brought 
back into its proper position. At this position, however, the 
speed is now below synchronism, and the rotor thus continues 
to drop back, and the motor torque increases beyond the load, 
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thereby accelerates again to synchronous speed, etc., and in 
this manner conditions of synchronous speed, with the rotor 
position behind or ahead of the position corresponding to the 
load, alternate with conditions of proper relative position of the 
rotor, but below or above synchronous speed; that is, an oscil- 
lation results which usually dies down at a rate depending on the 
energy losses resulting from the oscillation. 

As seen, the characteristic of the synchronous machine is, 
that readjustment to a change of load requires a change of rel- 
ative position of the rotor with regard to the impressed fre- 
quency without any change of speed, while a change of relative 
position can be accomplished only by a change of speed, and this 
results in an over-reaching in position and in speed; that 15, 
in an oscillation. 

Due to the energy losses caused by the oscillation, the suc- 
cessive swings decrease in amplitude, and the oscillation dies 
down. If, however, the torque which brings the rotor back 
from the position ahead or behind its normal position corres- 
ponding to the changed load (excess or deficiency of motor 
torque and of the torque required by the load) is greater than the 
torque which opposes the deviation of the rotor from its normal 
position, each swing tends to exceed the preceding one in ampli- 
tude, and if the energy losses are insufficient, the oscillation 
thus increases in amplitude and becomes cumulative; that is, 
hunting. | 

In Fig. 5 is shown diagramatically, as p, the change of the rel- 
ative position of the rotor, from pı corresponding to the previous 
load to фр, the position further forward corresponding to the 
decreased load: v then shows the oscillation of speed correspond- 
ing to the oscillation of position. 

The dotted curve, w,, then shows the energy losses resulting 
from the oscillation of speed (hysteresis and eddies in the pole 
faces, currents in damper windings), that 1s, the damping power, 
assumed as proportional to the square of the speed. 

If there 1s no lag of the synchronizing force behind the position 
displacement, the synchronizing force, that is, the force which 
tends to bring the rotor back from a position behind or ahead of 
the position corresponding to the load, would be—or may 
approximately be assumed as—proportional to the position 
displacement p, but with reverse sign: positive or accelerating 
when ф is negative or behind the normal position, negative or 
retarding when p is ahead. The synchronizing power, that is, 
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the power exerted by the machine to return to the normal 
position, then is derived by multiplying — p by v, and is shown 
dotted as w іп Fig. 5. As seen, it is a double frequency al- 
ternation with zero as average. 

The total resultant power or the resulting damping effect 
which restored stability, then is the sum of the synchronizing 
power ш» and the damping power w,, and is shown by the dotted 
curve 1v. As seen, under the assumption of Fig. 5, in this case 
a rapid damping occurs. 

If the damping winding, which consumes a part or all the 
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power 10}, is inductive—and to a slight extent it always is—the 
current in the damping winding lags behind the e.m.f. induced 
in it by the oscillation, that is, lags behind the speed v, and the 
power ші, or that part of it which is current times voltage, then 
ceases to be continuously negative or damping, but contains a 
positive period, and its average is greatly reduced, as shown by 
the drawn curve w,, in Fig. 5; that is, inductivity of the damper 
winding is very harmful, and it 1s essential to design the damper 
winding as non-inductive as possible to give efficient damping. 

With the change of position p, the current, and thus the arma- 
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ture reaction, and with it the magnetic flux of the machine, 
changes. A flux change cannot be brought about instantly, as 
it represents energy stored, and as a result the magnetic flux of 
the machine does not exactly correspond with the position f, 
but lags behind it, and with it the synchronizing force F, as 
shown in Fig. 5, more or less, depending on the design of the 
machine. 

The synchronizing power of the machine, F v, in the case of 
a lagging synchronizing force F, is shown by the drawn curve %. 
As scen, the positive ranges of the oscillation are greater than 
the negative ones; that is, the average of the oscillating syn- 
chronizing power is positive, supplying energy to the oscillating 
system, which energy tends to increase the amplitude of the 
oscillation; in other words, tends to produce cumulative hunting. 

The total resulting power, w = шу + we, under these con- 
ditions, is shown by the drawn curve w, in Fig. 5. Asseen, its 
average is still negative or energy consuming, that 1s, the oscil- 
lation still dies out, and stability is finally reached, but the 
average value of w in this case is so much less than in the case 
above discussed, that the dying out of the oscillation is much 
slower. 

If now the damping power w, were still smaller, or the average 
synchronizing power we greater, the average of w would become 
positive, supplving energy to the oscillating system. In other 
words, the oscillation would increase and hunting result. That 
is, if the average synchronizing power resulting from the lag of 
the synchronizing force behind the position exceeds the average 
damping power, hunting results. The condition of stability 
of the synchronous machine is, that the average damping power 
exceeds the average svnchronizing power, and the more this is 
the case, the more stable is the machine; that is, the more rapidly 
the transient oscillation of readjustment to changed circuit con- 
ditions dies out. 

Or, if 

a = attenuation constant of the oscillating system, 
a < O gives cumulative oscillation or hunting; 
a > O gives stability. 

Counting the time # from the moment of maximum backward 
position of the rotor, that is, the moment at which theload 
on the machine is decreased, and assuming sinusoidal variation, 
and denoting 


ó-2mTft-wl (1) 
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where ' 
f = frequency of the oscillation. (2) 


The relative position of the rotor then may be represented by 


p = — bo. 64% cos ф 
where 
fo = bx — pı = position difference of 


rotor resulting from change of load, (3) 
a = attenuation constant of oscillation (4) 


The velocity difference from that of uniform rotation then 1s 


= ——ə— z —— = -а $ i 5 
U 2) © -5 $ о bo € (sin $ + a сов ф) (5) 
Let 
a=tana; 1 +а? = A? (6) 
hence 
. a 1 
sina = +; cosa = 7 | (T) 
it is J 
v = w b A €? sin (ф + a) (8) 
Let 
Y = lag of damping currents behind e. m. f. induced in 


damper windings; (9) 
the damping power 1s 


UW, = — € U V, 
= — со? py A? ett sin (ф + o) sin (ф + a — y) 
(10) 
where 
с = 4 = damping power per unit velocity (11) 
Let 
B = lag of synchronizing force behind position dis- 
placement p, and (12) 
В = cte | (13) 
where 
to = time lag of synchronizing force. (14) 


The synchronizing force then is 


F = b py є°% cos (ф- В) (15) 
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where 


F - ai 

b = = ratio of synchronizing force to position 
0 

displacement, or specific synchronizing force. (16) 

The synchronizing power then is 


= Fy = bw pè A «24% sin (ó + о) cos (6 — В) (1T) 
The oscillating mechanical power is 


uml HE ao АЛ 
dt 2 d ó 
= m Ww? pè A? є? o$ sin (ф + а) 
(cos ($ + а) – asin (ф + а)! (18) 
where 
т = moving mass reduced to the radius, on which $ 15 
measured. (19) 


It is, however, 
V; + qe, — w = 0. (20) 


Hence, substituting (10), (17), (18) into (20) and canceling, 


b cos (— B) —c w A sin (ф + a ү) — то? A cos 
(ó + o) + m o2 А a sin (ф + e) = 0 (21) 


This gives as the cocfficients of cos ó and sin $ the equations 


bcos @— c w A sin (a—y)— mw*Acos atmo? Aasina=0 
bsinB — со А cos(a—y)+mw? Asina+m w*Aacos a=0 


| (22) 


Substituting (6) and (7) and approximating from (13), for о 
as a small quantity, 


cos = 1; sin = w fo (23) 
gives 
b— co (a cos Y — sin y) ^mo?(1—a?) = 0 
bt, — c (cos Y + asin Y) + 2m o a ES. (24) 


This gives the values, neglecting smaller quantities, 


c cos Y — b lo _ 
У 4mb —c? cos 2 Y + b° to? 


aus (25) 
Q = i {/ 4 mb— c ccs 2 y + 6 (t? + сіп 7) (26) 


f = == (27) 


1913] STEINMETZ: INSTABILITY OF CIRCUITS 29 


These equations (25) and (26) apply only for small values of 
a, but become inaccurate for larger values of a, that is, very 
rapid damping. However, the latter case is of lesser importance. 


a = 0 gives 
b to = c cos Y 
hence 
b to 
cos Y 
сг (28) 
„> ° 205 1 


is the condition of stability of thẹ synchronous machine. 
If 


lo == 0 
Y = 0 
then 
a = 2 = 
V4 mb —c 
_ V4 mb — c 
Б 2m 


and, if, also, 
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DISCUSSION ON *STANDARDIZATION OF METHOD FOR DETERMIN- 
ING AND COMPARING POWER CosTs IN STEAM PLANTS". 
(STOTT AND GonsucH), COOPERSTOWN, Мем YORK, 
JuNE 26, 1913. (SEE PROCEEDINGS. FOR May, 1913). 

(Subject to final revision for the Transactions) 

Henry Floy: ‘Turning to the last pages of the paper, it 15 a 
disappointment to find that the final formula, given on page 1130, 
in which one looks to find the solution of the problem discussed, 
omits a part of the “total cost" elements mentioned on page 
1119. In fact the question may be fairly raised whether “Сеп- 
eral and Miscellaneous Administration Expenses" of one plant 
are capable of direct comparison with those of another plant 
upon the basis merely of output. These expenses really have 
little to do with the question of scientific perfection of design or 
efficiency of operation of a power plant. Proportioning such 
expenses to power costs in the relation of such costs to total 
costs, as mentioned on page 1116, may be unfair. This may be 
scen by considering the disproportionatelv large amount of the 
prcsident's salarv, for example, compared to his time or effort, 
that would be allotted to power cost, when based on the ratio of 
expense for fuel to the total expense. Perhaps a more equitable 
method of proportioning the general officers’ salaries would be 
on the basis of letters found 1n office files relating to the different 
departments, or dividing auditing expenses in proportion to the 
vouchers passed for the various departments. Another omis- 
sion from the formula presented is the failure to take into con- 
sideration for comparison, the substituted cost of water and its 
treatment for boiler and condensing purposes, which might be 
quite different with appreciable effect on power costs in the 
plants being compared. 

Presumablv the division of production and repair costs pro- 
posed, are along the lines of accounting established by the 
Public Service Commission of New York State, but pensions 
included in general expenses at foot of page 1102, are not in 
accordance with such classification. Neither is the item of 
interest Included, as given among investments costs on page 
1109. If variation from accepted rules of accounting is to be 
made, improvement in details should be expected. Why boiler 
insurance, for example, should be included as a part of repair 
costs and employees’ insurance, with the attendant expenses, 
should be put in production costs, is not clear and is one of the 
apparent inconsistencies. It will be noted that in the sub- 
stitution of one piece of apparatus for another, the authors 
make capacity alone the basis of capitalization charge, improved 
efficiency. being entirely ignored. Depreciation is apparently 
taken to include only obsolescence and inadequacy, while extra- 
ordinary accident and “calamity”, such as the floods which 
lately visited many plants in the central west, items which must 
be taken care of by reserves rather than insurance, are omitted. 

The figures given in Table I, Life Expectancv, are stated to 
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be, what the authors believe, *fairly representative." It would 
be interesting to know upon what basis such statement is made, 
as the figures are not in accordance with those widely used and 
authoritative figures given, for example, in the speaker's paper 
on *Depreciation"', presented before this Institute two years аро. 
It would seem only fair to criticize the use of figures which do 
not agree with those more or less well established and author- 
itative, unless the authors offer some explanation as to whv 
their figures differ and reasons for their acceptance. The in- 
troduction of such random data, which 15 too common among 
writers of papers before this and other societies, results only in 
confusion and lack of uniformity, for which the profession is 
justly criticised. By way of further illustration, all buildings 
will not have the same life expectancy and the authors should 
differentiate between the character of buildings referred to; 
for example, wood, brick, steel or monolithic concrete, the lives 
of which will be quite different. The same with regard to scrap 
value. On what do the authors base their value of 5 per cent? 
Certainly it does not relate to wooden buildings, nor to concrete 
buildings, unless in exceptional cases, and the speaker has found 
8 per cent is about the correct figure for the scrap value of 
brick and steel structures. 

A similar line of criticism might be made of many of the 
other items mentioned in the table, the lives of which are unduly 
short, or of which the parts may be renewed almost indefinitely. 
The publication of such figures by men of such standing as the 
authors, leads to their use in misleading and unfair ways, by 
inexperienced and prejudiced engineers. 

It is a mooted question whether depreciation should be con- 
sidered as one account, of which wear and tear, obsolescence, 
accident and inadequacy are all separate classes, or whether 
maintenance and repairs should be considered scparately and 
depreciation used merely in reference to other class of deterior- 
ation. The objection to dividing the item is that it is difficult 
to say when repairs and renewals are maintenance or deprecia- 
tion. As a matter of fact, all wear and tear requires renewals, 
the distinction usually being, that when the renewals are small 
as to parts or in cost, they are charged to maintenance, and 
when relatively large or expensive, they are charged to de- 
preciation. Such classification is purely arbitrary and in any 
system consisting of a large number of parts and the investment 
of many millions of dollars, all renewals can properly be treated 
as wear and tear. The cost of such replacements do not affect 
the income any more than does the wear and tear account 
affect the income of a company having fewer parts and smaller 
investment. Many companies are following the procedure 
(which is simpler and ordered by some Public Service Com- 
missions, and therefore, in the opinion of the speaker, pre- 
ferable) of establishing in advance, an annual amount, which 
is set aside for depreciation of all classes, usually appropriating 
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this out of revenue month by month. This depreciation account 
is then charged month by month with the actual expenditures 
made for maintenance, repairs and renewals, the balance being 
carried forward as a depreciation fund. This method of account- 
ing avoids the constantly occurring and irritating question as 
to which account, maintenance or renewals, the particular 
item being renewed, is properly chargeable. The importance 
of having a definite and uniform rule for charging maintenance 
and depreciation is at once apparent to anyone who is attempt- 
ing to compare classes of expenses in two or more plants. In 
any case the proposal to periodically check and adjust the annual 
amount set aside to cover depreciation is to be commended and 
is being done by some corporations. 

It appears to be unjustifiable on the part of the authors of 
this paper, to use 5 per cent as the basis of return on capital 
invested, even by wav of illustration. The curve, Fig. 1, show- 
ing the cost of power, based on a 5 per cent return, is misleading, 
as no utility company can secure funds on апу such basis, and 
the authors’ own company very properly insisted upon and 
recently obtained a return of practically 82 per cent (including 
about one per cent for amortization) on its investment in the 
New York subway, and the State of Tennessce this week has 
had to pay 6 per cent to refund its public debt. Why then 
should such an erroneous figure as 5 per cent be used. 

In fact, any return on the investment in mere physical prop- 
erty, as apparently proposed by the authors, is entirely in- 
sufficient and unfair, if “total production costs” are being sought; 
the proper intangibles or overhead capital expenditures should 
be included in order to obtain total production costs. 

Item No. 28 defines load factor in rclation to the maximum 
one-hour load; this is a longer period than would be accepted 
by many operators, as fifteen minutes, five minutes, or even 
less is frequently the basis on which load factor is estimated. 
The statement that the cost of labor varies with the load factor, 
reaching a minimum at about 25 per cent, would undoubtedly 
depend to some extent upon the size of the plant and number 
of units. It would seem that the statement that the cost 
per kw-hr. output varies approximately as the inverse fourth 
root of the load factor, should be amplified so as to show actually 
the conditions under which this rule has been found to applv, 
size of units, capacitv of station, fucl and labor costs, etc., and 
what variations from these conditions are known it is possible 
to make without appreciably affecting the rule. 

With reference to the paper as a whole, the question may be 
raised by some as to whether the subject discussed 1s a proper 
one for consideration by a scientific engineering organization. 
The speaker desires to go on record as endorsing the presenta- 
tion of such an eminently practical engineering paper before 
the Institute, and further to acknowledge an obligation to the 
authors for the enunciation of their inverse fourth root rule, 
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which it is hoped will be found to apply, at least, approximately 
for all stations. 

Carl Schwartz: Messrs. Stott and Gorsuch begin their 
paper by saying, “the need of some uniform method of ac- 
counting for the determination of the cost of power in steam 
plants has been long felt.” 

There 15 no doubt that this need exists because it 1s not alone 
difficult to draw a direct comparison between the cost of power 
from stations operating under different conditions, but in some 
cases even between two stations in the same locality, using 
practically the same kind of coal and operating under similar 
load characteristics. 

The speaker is connected with a company which has for 
several years exchanged power station operating costs with 
other companies and knows that this exchange has been of benefit. 
In one case the cost of current for operation and maintenance 
of a modern power generating station containing four 5000-kw. 
units has been reduced from 0.67 cent. in 1908 to about 0.45 cent. 
per kw-hr. in 1912. It is true that the output of this station 
has increased from about 40,000,000 kw-hr. to about 76,000,000 
kw-hr. per annum in the same period, and the average cost of 
coal has been reduced by about 11 per cent, still an appreciable 
amount of the reduction in cost of current can be attributed to 
the knowledge of other station performances. The cost of 
current at the present time is not as low as in some other stations 
of larger capacity, still considering the price of coal, and the fact 
that the turbo-generators have a steam economy of about 
18 lbs. per kw-hr., it is believed to be nearly as low as it can 
consistently be expected. If the steam economy of the turbo 
generators were 13 lb. per kw-hr. the cost of current would be 
about 0.37 cent. 

The paper covers the elements entering into the cost of power 
in a comprehensive manner and gives a complete analysis of 
the conditions to be considered. The following comments 
are believed to be applicable. 

А comparison of the cost of power should be made as simple 
and short as can consistently be done in order to relieve the 
operating companies of unnecessary accounting and computa- 
tions, as otherwise some companies may decide that the expense 
of keeping their accounts in the manner prescribed and making 
the computations to bring their operating and maintenance 
costs on a comparable basis, exceeds the expense they feel 
justified in incurring. The more companies can be found 
to contribute to the statistics, the greater will be their value, 
and it would be unfortunate if all contributions to the cost 
statistics that are possible to secure could not be obtained. 

A high degree of accuracy in making comparisons of station 
performances is desirable, still some expenses cannot readily be 
compared and for this reason it may be permissible to sacrifice 
a certain degree of accuracy for simplicity. 
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On pages 1100 to 1102 the items of production costs 
and production repairs costs are covered in full detail. “To make 
a comparison between two or more stations it would seem that 
many of the items enumerated could be consolidated. If 
differences occur an investigation would readily reveal the reason 
and thus burdening the regular reports with a relatively large 
number of detail items of minor importance would be avoided. 

Item PA, Management and Care, appears as an operating 
charge only. Some of the items thereunder, however, are 
chargeable likewise to maintenance and while the proportion 
chargeable to maintenance is small, still room should be provided 
for management and care under production repair costs. 

The.costs of the various items of production and production 
repairs are shown in cents per kw-hr. output. Some of these 
figures may not exceed a few hundred dollars per year and ex- 
pressing them in cents per kw-hr. would take considerable time 
to compute and require many decimals. 

I would ask Mr. Stott whether he sees any objection to the 
use of the total costs 1n dollars and cents for the detail items, 
making the distribution in cents per kw-hr. in the summary 
only, as given at the top of page 1103. Ап additional comparison 
would be afforded by expressing each of the items in percentage 
of the total. 

Injuries to employees and other personal injurics:and property 
damage is covered by group PJ-General, c and а. In investment 
costs, group IC, insurance covers the settlement of claims for 
personal injuries and property damage. Thus, accidents are 
charged against the operating account or to capital account, 
depending on whether the company carries insurance or not. 

Fire or accidents will influence the cost of power from a station 
carrying insurance to the extent of the cost of insurance and from 
a station not protected by insurance will be correspondingly 
less except in case of fire or accident when the cost will be sud- 
denly increased. 

The accounts of a company carrying insurance and another 
not carrying insurance would, therefore, not be strictly compar- 
able unless the condition for each station is made clear. 

Mr. Stott covers very fully the matter of amortization and 
divides these charges into; first, physical depreciation, and 
second, functional depreciation. Physical depreciation is dis- 
posed of by charges against maintenance under the assumption 
that the plant will be maintained at 100 per cent efficiency. 

For functional depreciation a comprehensive method is out- 
lined which permits a readjustment from time to time to either 
make allowance for changes and additions or to correct certain 
assumptions as to the life of apparatus and machinery, should 
there be reason for doing so. While the flexibility of the method 
may be attractive, still it involves considerable labor and as 
an estimate of the life and the scrap value of the apparatus 
largely depends on the judgment of the person making the esti- 
mate descrepancies are apt to-occur which tend to offset the 
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advantages the method otherwise offers. Furthermore, the 
total life of 75 years for buildings may be impaired by radical 
changes after the shorter life of the machinery expires. 

For comparing functional depreciation in place of this method, 
and for the sake of simplicity it is suggested to consider an 
average life of 30 years for the entire station and after making 
a deduction of 5 per cent for scrap value, charging a sufficient 
amount annually to equal, with interest compounded annuallv 
at 4 per cent, the prevailing investment. 

By prevailing investment is meant the original cost of the 
plant complete excluding land but including all expenses charge- 
able to capital cost, like discount on the sales of securities, 
interest during construction, tests, preliminary operation 
engineering and contingencies. To this to be added annuallv 
the cost of additions and betterments less the original cost of 
any apparatus removed. 

While it is realized that almost any form of depreciation 
offers room for objections, still it is believed that 1f some definite 
method like the above could be agreed upon and used as a basis 
for all comparisons of power station costs it would greatly 
simplify the work. 

Referring to the Analysis of Production and Production 
Repair Costs, item 9, “average daily wages per man’’—to 
compare the costs per kw-hr. net output of two independent 
plants on the same basis, a reduction factor is to be applied to 
labor only, the difference to be added to or subtracted from the 
total cost:of production plus production repairs per kw-hr. net 
output. 

This method would adjust differences in the cost of labor of 
different localities. It seems, however, that it would not allow 
adjustment in case the average daily wages per man are higher 
or lower by a different class of labor employed. For instance, 
one station may burn hard coal and be equipped with hand- 
fired grates requiring a certain number of men. Another sta- 
tion may be equipped with automatic stokers reducing the number 
of men in the boiler-room to a minimum though the average 
wages per stoker operator are higher than per ordinary fireman, 
thus raising the average cost per man for the entire station. 

As to the reduction factor for labor, I have in mind the con- 
ditions of two stations, one burning soft coal with automatic 
stokers and the other hard coal screenings on hand-fired grates. 
The cost of labor and coal at these stations for the усаг 1912 
compares as follows: 

Stokers. Hand-fired-grates. 


Net output, kw-hrs.......... 83,000,000 47,000,000 
Boiler room labor, per kw-hr.. 0.042 cts. 0.0984 cts. 
Coal, per kw-hr.......... .... 0.314 cts. 0.3127 cts. 
Cost of coal per 2000 1b...... 2.37 1.63 

Coal per kw-hr.......... »... 2.66 lb. 3.8 Ib. 


Total operation and main- 
tenance.. Suway Бо. 21:402 cts. 0.593 cts. 
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The cost of labor per kw-hr. in the station equipped with hand- 
fired grates 1s over twice as high as in the station equipped with 
automatic stokers due to the greater number of men necessary 
for hand-firing. 

The average cost per fireman 1s less than per stoker operator 
and this condition, if Mr. Stott's method was followed, would 
lower the average for the entire station force. 

I am not sure whether a method can readily be found to make 
an adjustment in satisfactory form and the reason for calling atten- 
tion to these possible inaccuracies 1s not to suggest further refine- 
ment but rather to suggest simplification in the method of compar- 
ing the cost of power, even if some accuracy has to be sacrificed. 

'The curves in Fig. 1 of the paper clearly show the influence 
of the load factor upon the cost of power and those referring 
to the cost of production and production repairs appear to be 
sufficiently close to be used for bringing these costs on a com- 
parable basis. While I believe that in this case, as in ochers, 
simplicity should be the kevnote, still it will be difficult to find 
a simpler method that will give satisfactory results. After 
sufficient data have been collected it should readily be possible 
to adjust the curves and equations if necessary and, therefore, 
the method given by Messrs. Stott and Gorsuch should form a 
good basis for making adjustments for load factor. 

Daily factor of load is expressed as: 


Actual net output for dav of 24 hours 


Net maximum hour's load X 24 X 100 


and it is stated that load factor based upon the rated capacity 
shows a wide amount of variation, and for this reason it is proposed 
to base the load factor upon the actual maximum опе hour load. 
To deliver the maximum load a certain number of machines 
is required and their capacity may or may not agree closely 
with the load to be carried. 
The load factor could readily be expressed by: 


Net output in kw-hr. X 100 
Generator capacity running Xmachine hours. 


It is believed that this method will give more comparable 
results because the investment and the costs of operation and 
maintenance have less relation to the maximum hours load 
than to the capacity of the machines and their time of operation. 

То adjust for the relative value of coal a method is proposed 
which corrects for the difference in B.t.u. the cost of coal and 
the percentage of ash. 

There are other factors entering into the value of coal, namely, 
volatile matter, which may curtail the capacity of the furnaces 
by producing excessive smoke, sulphur, lime, iron and silica 
which may increase the operating labor and furnace mainten- 
ance, and the percentage of ash and amount of clinkers enter 
into the cost of ash removal. 
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Not all of the above items may be of sufficient moment to 
require adjustment, but some of them it would seem should be 
taken into consideration in comparing performances, because 
some plants may give better results than others though the figure 
of merit for coal, if computed on the basis suggested, is the same. 

Section III covers General and Miscellaneous Administration 
expenses which is proposed to be charged to the cost of power in 
the proportion the total operating and maintenance cost of the 
power plant bears to the total running expense of the corporation. 

With some companies a steam power plant is a relatively 
small item of its business and the distribution of the general 
and miscellaneous administration expenses as outlines will be 
difficult. It would be better to omit all of these items, because 
they do not affect the comparison of the cost of power sufficiently. 

The scope of the program of comparing the costs of power 
could readily be extended to cover not alone the cost of power 
at the busbars of the power stations but up to the third rail 
shoes or overhead collectors of electric locomotives or the cus- 
tomer's meters of electric lighting companies. 

The summary of a form for operating and maintenance costs 
from power stations to thc third rail which has given satisfactory 
results is shown below: 


Items. Total cost Cost per kw-hr* 
Power Stalions: 
Net a-c. output, 
Operating labor, 
Operating material, 
Maintenance labor, 
Maintenance material,, 
Total at power stations, 
(1) Total at Trasn Shoes, 
Substations: 
Net 4-с. output, —— kw-hr. 
Operating labor, 
Operating material, 
Maintenance labor, 
Maintenance material, 
Total at substations, 
(2) Total at Train Shoes, 
Cable Department: 
Alternating current: 
Total a-c. input to subs., etc., 
Maintenance labor, 
Maintenance material, 
Total a-c. cables, 
(3) Total at Train Shoes, 
Direct current: 
Total d-c. output at third rail, 
Maintenance labor, 
Maintenance material, 
Total at Train Shoes, 
Third Rail: 
Total d-c. output at third rail, —— kw-hr. 
Maintenance labor, 
Maintenance material, 
Total at Train Shoes, 
Grand Totat at Train Sh-es, 


kw-hr. 


kw-hr. 


kw-hr. 
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(1) This figure to be obtained by multiplving the cost per 
kw-hr. at power station by 100, dividing by cfficiency in per 
cent from power station busbars to train shoes. 

(2) This figure to be obtained by multiplving the cost per 
kw-hr. at substation d-c. bus bars by 100, dividing by efficiency 
in per cent from d-c. substation bus to train shoes. 

(3) This figure to be obtained by multiplying the cost per 
kw-hr. at substation a-c. bus bars by 100, dividing by efficiency 
in per cent from a-c. substation bus to train shocs. 

The fixed charges for transmission lines, substations and third 
rail could be handled in a similar manner as for power plants. 

The above can be briefly summarized as follows: 

l. Condense the comparison and simplify the accounting 
and computations as far as possible. 

2. Space should be allowed under the maintenance account 
for certain expenses under management and care chargeable 
thereto. 

3. For all detail items total cost figures could be used in- 
stead of cents per kw-hr., to save labor and avoid small decimal 
fractions. The cost of items in the summary if expressed in 
per cent of total would permit additional comparison. 

4. Simplify the method of calculating functional deprecia- 
tion. 

9. The average daily wages per man arc not only determined 
bv the cost of labor in different localities but also by the nature 
of the equipment and the class of labor employed. 

6. To express load factor the following expression is pro- 
posed: 


Net output in kw-hr. X 100 
Generator capacity running X machine hours. 


7. The figure of merit and reduction factor for determin- 
ing the relative value of coal is believed to require additional 
adjustment. If a certain quality and cost of coal could be 
agreed upon as standard, comparison should be facilitated. 

8. It is suggested to omit Section III, general and mis- 
cellaneous expenses. 

9. The scope of the comparison of the cost of power could 
be extended to cover the cost of current up to the point of con- 
sumption. 

In closing, the speaker wishes to express his belief that the 
authors’ paper covers the subject so fully that with relatively 
minor revisions it should form an excellent basis for the Stand- 
ards Committee as a standard method of comparing the cost 
of power. 

William McClellan: It seems to me that this paper must 
be taken, as the authors have suggested, by a committee 
of the Institute and gone over line by line. More simplicity 
appeals to me; certain mechanical features about the report, 
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such as a better choice of letters, corresponding to classes, 
I think, can be somewhat improved. 

Inasmuch as I have had some experience with public service 
commissions from the commission side, I must say in answer to 
the fear that the companies will object to doing the various 
things which are suggested in this paper, that there are two 
answers. 

First, the companies themselves are finding out that there is 
nothing to object to. A number of companies in New York 
City are comparing costs with each other, and the result of this 
comparison is more or less public, but not entirely so. In the 
second place, companies will have to do it sooner or later. 

The desirability of this sort of thing 15, first, that we want it 
for ourselves—the companies themselves need it. A man who 
does not know just what he is doing in the way of costs in the 
production of power is not running his business properly. In 
the second place, the man who 1s not able to compare what he 
is doing with what the other man 15 doing, cannot make proper 
progress. First, it is necessary to know what we are doing for 
the sake of having the knowledge, and secondly, to compare 
our operations with those of others, which is important in all 
departments of life. Otherwise we cannot tell whether we are 
moving or not, and especially whether we are moving in the right 
direction. 

I like the general plan of the paper very much. I think the 
Institute has had a tremendous lot of work done for it of the very 
highest quality. Just where certain items should be placed, I 
think there is a little doubt. When I first read the paper, I 
wished for educational purposes that depreciation could be put 
among production costs. Many men fail to realize that deprec- 
iation or amortisation, if you please, is an expense. There are 
many men who say: “Why should we take part of our profits 
and put them into depreciation?" The reply is that you are 
not earning profits until you have paid for every item you require 
in the operation of a plant. When the machine is operated, 
it is burning up just as surely and certainly as the coal under 
the boiler. You do not see it going on in just the same way, 
but it is as surely taking place. 

One of the speakers spoke of calamities. If a building is 
destroyed by fire, I do not know how far you will be able to go 
into a depreciation fund for that. I think from the viewpoint 
of modern methods you would be unfortunate if you did not 
have insurance on the building. 

Take the division of depreciation into large and small repairs. 
It is an operating expense. There is a question if you reduce 
these things into a formula, as to what effect it will have. You 
may pay for the repairs directly out of this vcar's operating 
expenses, or you may defer them and pay them five vears from 
now 1n the form of larger repairs. That is a matter of book- 
keeping, but when vou introduce depreciation into a formula 


40 POWER COSTS IN STEAM PLANTS [June 26 


and have the results comparable with the results of other com- 
panies, it does make a difference, and that would require a great 
deal of thought. 

Companies must be put in different classes, or you will not 
be able to compare them justly. It would not do to compare 
a small station with a large one, or one station with another 
station of a totally different type. Therefore we must put the 
stations, or whatever we are comparing, into various classes, 
so that they can easily be taken care of. 

Finally, I want to make a motion, Mr. Chairman, if I may. 
It has been suggested by the authors, and in following out their 
wishes I desire to move that it be the sense of this meeting that 
the suggestions made in this paper be referred to the Board of 
Directors of the Institute, that they may: refer it to a proper 
committee for immediate action, the meeting believing that it 
is extremely important that the subject be brought as soon as 
possible to a practical basis for use by the Institute members. 

C. O. Mailloux: I take pleasure in seconding the motion. 
I consider that the Institute is to be congratulated again in 
having a paper of this kind from Mr. Stott. It is especially 
to be congratulated upon the fact that all of Mr. Stott's papers 
on central station economies have been read before the Institute. 
You do not appreciate that now so much as you will a few years 
from now, when you look back and see the cvolution of central 
station economics and come to realize that Mr. Stott is the man 
who really put the matter on a sound basis. Some of his papers 
will then be recognized as classics and we will appreciate their 
value. A few years hence engineers will look upon Mr. Stott’s 
papers with the same high respect that is shown the classic 
writings of Rankine. 

I think it is very important, as Dr. McClellan said, that this 
paper should be put in the hands of an intelligent committee 
especially fitted and qualified to deal with the many questions 
which the paper brings up, so that the valuable data and inform- . 
ation contained in this paper may be put in such form that it 
will be made available to the Institute members and to the 
profession of engineering in general. 

Peter Junkersfeld: I fecl that too much has, perhaps, 
been attempted. However, as Mr. Stott has said, the mat- 
ter is presented as a target, and with that explanation, it is very 
well put, indeed. If this paper is referred to a committee in 
accordance with the motion pending, I would suggest that such 
committee look over the field carefully and see what has already 
bcen done in this connection. 

We must not assume that no standardization so far has taken 
place. I would call attention to the fact that both the National 
Electric Light Association and American Electric Railway 
Association have a standard classification of accounts, and as 
far as power house general classifications go thev arc practically 
the same. The National Electric Light Association has nine 
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general headings for the power house expense and the American 
Electric Railway Association eight. I have here a memorandum 
showing the number of sub-divisions under the various headings 
of power plant expenses as divided by the Commonwealth 
Edison Company, which follow closely the National Electric 
Light Association; those proposed by Messrs. Stott and Gorsuch; 
and those proposed by the American Electric Railway Account- 
ants Association. (See table on next page.) 

The most important thing is to consider the general head- 
ings, say eight or nine, so that when we compare these in differ- 
ent plants we will know what we are talking about. If we find 
a discrepancy, then we can analyze and subdivide, but the sub- 
divisions must, in many cases, be different, because there are 
many local conditions that will affect one place as compared 
with another, but the general headings ought to be alike. 

There are many details which might be discussed. One 
very important point made was that the net output should 
always be considered and not the gross output. It is surprising - 
how many people throughout the country make that error. It 
is obvious that it is not worth any further discussion. Net 
output, i my judgment, should always be used, and there is 
no excuse for using gross output. 

So far, I am speaking entirely of operating cost. Now, on 
the investment side of the business, standardization 1s going to 
be more difficult, and, I would suggest, as a matter of practic- 
ability, and of making the most headway, that your committee 
concentrate its efforts, first, on comparison of operating costs. 

I am afraid if they attempt to standardize the entire thing at 
one time, they will meet with opposition in different parts of 
the country. There are many conditions all over the country 
where, if a company should show all its investment costs, it might 
be subject to difficulties from people who, through ignorance, 
or through intent, might misuse this information. | 

It is possible, also, to segregate general expense a little too far 
in that connection. You cannot in any line of business, whether 
it is a central station lighting company or a traction company, 
assume that the power house is an absolutely independent busi- · 
ness by itself. Therefore you must have some general ex- 
penses which cannot be apportioned correctly. You can 
approximate them, but to say as a matter of record, that month 
by month so much should go against that station, and so much 
against another, is not always getting at it in accordance with 
the actual condition. There may be some extraordinary work, 
or some contingency, that will involve one power house a certain 
length of time. During this time any general expense you 
ordinarily apportion to that power house would be far too low, 
and when that state of affairs occurs you are fooling yourself. 
General expenses do not have a constant ratio to each of different 
elements of the business. 

Load factor is very important, and I am glad the authors 
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CLASSIFICATION OF POWER PLANT EXPENSES. 


Commonwealth Edison Proposed by American Electric Railway 
Company Messrs. Stott and Gorsuch | Accountants’ Association 


Management and care: 
10 Subdivisions. 

Boiler Room Labor: 

(1) Labor for operation: 12 subdivisions. Powerhouse operating labor: 
6 subdivisions. . Engine room labor: No subdivisions. 

7 subdivisions. 

Electrical labor: 
9 subdivisions. 


(2) Fuel: Fuel: Fucl: 

5 subdivisions. 7 subdivisions. No subdivision. 
(3) Water: Water: Water: 

No subdivision. 6 subdivisions. No subdivisions. 
(4) Lubricants: Lubricants: Lubricants: 

No subdivision. 2 subdivisions. No subdivisions. 
(5) Station Supplies and|Production supplies: Power plant supplies: 

expenses: 7 subdivisions. No subdivision. 
7 subdivisions. Station expenses: 


4 subdivisions. 


— Operating general expense: — 
5 subdivisions. 
(6) Maintenance and repairs 
of station building|Building repairs: Building repairs: 
and property outside| 6 subdivisions. No subdivision. 
of station building: 
4 subdivisions: 
Repairs to furnace and boilers: 
10 subdivisions. I 
Repairs to boiler accessories: 
(7) Steam equipment  re-| 8 subdivisions. 
pairs: Engine repairs: Equipment repairs: 
8 subdivisions. 5 subdivisions. No subdivision. 
Repairs to engine accessories: 
5 subdivisions. 
Repairs to piping: 
10 subdivisions: 
Repairs to tools: 
4 subdivisions. 


(8) Repairs to electrical: Repairs to electrical gener- 
4 subdivisions. ators: 
5 subdivisions. 
Repairs to electrical acces- 
sories: 
— 8 subdivisions. — 


Repairs general expense: 
4 subdivisions. 


(9) Purchased power: Purchased power: 
No subdivision. 


No subdivision. 


SUMMARY. 
General Headings. 
Nine. twenty. Eight. 


Subdivisions. 
Thirty-four . One hundred and thirty-four None. 
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brought it up. They have pointed out that there is a good deal 
of misunderstanding all over the country as to load factor. 
Every time load factor is used it should be stated whether it is 
daily, monthly or annual load factor, and what kind of peak it 
isbased on. In dealing with load factors and maximum demand, 
we should be very definite and know just what we are using, 
know that it is not guess work, something really substantial, 
an actual observation of all the elements that make up load 
factor. 

In figuring investment costs, spare capacity is a big item. 
You may be able to operate under certain conditions with 10 
per cent spare capacitv. Under other conditions, with a grow- 
ing business, that mav be much too close. I know of situations 
where 20 per cent is too close, because of the rapid growth of the 
business. That docs not mean the companv alwavs carries 
20 per cent, but that is the figure when everything goes well. 
If there are labor troubles or manufacturing difficulties, that 
20 per cent in one year may go down to 5 per cent. Such pos- 
sibilities must be provided for. 

As to maintenance and depreciation, these items often do not 
tell the whole storv. If a man has a very low maintenance 
account it is well to look back of that account and see what his 
machinery looks like. We must consider very definitelv both 
maintenance and depreciation when we speak of these terms. 
When we look over the past, it is one matter to assign a certain 
amount for depreciation, but when we look ahead we do not 
know what it is going to be, and we must allow a reasonable 
amount to cover what it may be. Past and future depreciation 
are two separate things and should never be confused. 

D. B. Rushmore: The cost of power is the basis of 
nearly all engineering work. Practically everyone is man- 
ufacturing something in which a cost comparison is the basis 
for decision between different paths of action. 

The specific point under discussion this morning is onc phase 
of a very general subject that includes the cost of articles man- 
ufactured in practicaly every walk of life. The farmer is 
manufacturing his products, the railroadman manufacturing 
transportation, the electrical engineer manufacturing electricity, 
or whatever else it тау be, and the very fundamental part of 
this engineering work is the cost of the product. This cost is 
generally recognized as being divisible into a quantity which 
varies according to the output, and when the consideration of 
this'specific case comes up during the coming year it will be of 
interest to those working on it to consider the broader under- 
lying fields which are necessarily involved. 

The usefulness of this paper at the present time 1s not only to 
operating men, but also to a field in which the speaker happens 
to be engaged, that of manufacturing companies. At the present 
time the difference between hoisting by compressed air or hoist- 
ing by electricity is very largely one of the cost of the output, 
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and the basis of comparison is not very easy. It is very difficult 
to get the advocates of different systems to agree regarding the 
items which should enter into the comparison, and until such a 
decision is reached it is very hard to play the game in a proper 
way. 

In connection with the amortisation, there is a different class 
of amortisation in the general field involved in those pieces of 
machinery and in those products which have a natural life. An 
incandescent lamp has a limitation to its usefulness which is 
more or less fixed, a motor approaches the dividing line. We 
expect to wear it out and throw it away. Larger machinery 
does not wear out, but individual parts do, and a few parts can 
be replaced and the condition of the machine kept up to its 
original shape. 

The fact that up to the present time it has been very difficult 
to determine the actual costs of power for different plants and 
operating conditions, represents a condition fully justified by 
the fact that for a concern, individual or company, to give out 
its manufacturing cost, it must be in a position where these 
cannot be used to affect its condition adversely, and the advent 
of the Public Service Commission, with the protection that it 
gives, along with its other features, is one of the reasons why it 
is now permissible to give more publicity to these figures. А 
suggestion is made for the coming vear that in order to get the 
most benefit from the tree which is going to grow from this 
веса planted by Mr. Stott and his associate, that an effort be 
made to bring the engineers of the Public Service Commission 
into the Institute and to have them in some way affiliated with 
that part of the organization which will be active in formula- 
ting these principles. 

L. P. Crecelius: The abstract of this paper begins with a 
statement that power cost should be upon a basis of per kilo- 
watt-hour net output. This looks like a good beginning, and 
the same principle as laid down here should be applied to every 
one of the various groups which follow. 

In the case of I, Production and Production Repairs Costs: 
The proposed method seems proper, but care should be excer- 
cised before adopting 1t as standard in its present form to avoid 
upsetting such existing classifications of accounts as are now 
standard, in extensive use and under which a multitude of re- 
ports are made to various local, state and national utilities 
commissions. Such little differences as appear in the treatment 
of the various accounts under this heading as presented in the 
paper are relatively unimportant and no great difficulty should 
be experienced in getting them in a proper shape. 

In the case of II, Investment Costs: Exception 1s taken to 
the proposal of apportioning franchise and revenue tax and 
charging some of this expense out as cost of power. The 
reason for this will be given later. The miscellaneous item of this 
group is open to the same criticism, as will be pointed out later. 
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In the case of III, General and Miscellancous Administra- 
tion Expenses: 

Under this group are a few items which may properly be 
charged out as cost of powcr, in the case of certain corporations, 
but on the other hand, it is proposed in this paper to charge 
as cost of power, a great many other items which in my belief 
cannot and should not be included. 

The time is indeed opportune for the presentation of this 
committee report to the Amcrican Institute of Electrical En- 
gineers with the request that it go before the Standards Com- 
mittee, in fact it is past opportune, and I welcome the opportun- 
ity thus afforded to present my views on this important matter. 
There is no question before the power engineer which approxim- 
ates in importance the question, “what is the /rue cost of power"? 
He finds himself continually confronted with this question, 
especially, when the proposition comes before him to decide 
whether it is wise to continue to manufacture power or whether 
it would not be better to purchase power from someone who 
has the peculiar gift of making it cheaper. Again and again, 
in working up this case little or no information is at hand and 
rarely can anything better be found to substitute imaginary 
estimates in order to secure the significance of the value of a 
great many obvious but ordinarily obscure items such as, for 
instance, administration expense, casualtics, extraordinary 
maintenance, etc. The greatest use to which this method of 
determining and comparing costs in steam plants will be applied 
is in connection with extensions and bctterments to existing 
power plants, and in the matter of determining a proper basis 
for the purchase of power. Therefore, let the method and its 
arrangements be such that the true cost of power will result. 

My objection to the proposal of permitting much of the gencral 
and miscellancous administration expense of a corporation 
other than a purely power producing concern to be charged 
out as power cost is based simply upon this illustration; a ratl- 
way company operating power plants, 1s in need of betterments 
for extensions or otherwise, and is at once approached with the 
subject of purchasing power. An analysis of its present cost 
is made and compared with other plants for such information 
as is available and the possibilities of the betterments as reflected 
upon the future power cost are brought out. Now, however, 
if the cost of power is found upon the basis proposed in this 
paper, it is burdened with a great many foreign miscellancous 
expenses such as the salaries of executive officers and the 
presidents’ or directors’ travelling expenses to a conven- 
tion, a portion of which is here proposed to be called 
power cost; the chief counsel’s expenses in connection with 
appearing before a utilities commission on some question 
other than power, is also called power cost, and soon. When 
all these items are added to the cost of power under this plan, it 
is decided to purchase power rather than to make additional 
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investments, and the old equipment. is scrapped and written 
off the books. The result: it is soon discovered that the 
adininistration, general and miscellaneous expenses still continue 
with the corporation which now purchases its power; no reduct- 
ion in these items is noticed; an allowance for this expense has 
been made in the cost of the purchased power and we now find 
the situation where for a great many years the railway is obliged 
to pav this expense doubled. 

The ready means which were at first available to relieve it- 
self of a portion of the expense of these items on the score of 
power cost as had been practised before shutting down its power 
powcr plants, are now gone; secondly, the railway has permitted 
this previous expense which was called power cost, to be added 
to all the power which it now purchases. In the face of this 
situation, mv suggestion 1s, first, that a good rule to follow with 
reference to these miscellaneous revenue and income tax expense, 
administrative office and miscellaneous expense, is to charge 
onlv that portion which would disappear in the event that power 
was purchased, and secondly, that the report as presented by 
this committee should receive more consideration in this respect, 
again going before a committee and every angle of this complex 
subject carefully analvsed. 

W. G. Carlton: The summary of operation and mainten- 
ance costs or as called by the authors, the "Production and Pro- 
duction Repair Costs", is sufficient for moderate size power 
stations without going into all of the detail given on pages 
1100 e£ seq. A monthly comparison on substantially the same 
basis as this summarv has been made for several vears by six 
electric power stations in and near New York Citv; these power 
stations having monthlv outputs ranging from 2,000,000 to 
18,000,000 kw-hr. "This method was shown bv Mr. B. F. Wood 
in a paper on Electrical Operation of the West Jersey and 
Seashore Railroad, presented. at the annual convention of the 
Institute at Chicago in 1911. 

In addition to giving the unit costs per kw-hr., it is frequently 
convenient to have the total cost stated, especially in the smaller 
items, since a better idea of their importance can be grasped 
from the total monev involved than from the unit costs. 

August H. Kruesi: This paper will be the more rapidlv 
adopted and be more valuable the more general it is made. I 
recommend that its scope be extended to include those electric 
light and railway companies which also produce steam for heat- 
ing, of which there are a large number in this country. The 
method would then be applicable to a verv large number of 
industrial power plants which not only produce electrical power, 
but exhaust steam for heating, and live steam for manufacturing. 

I believe in connection with the comparison of costs that the 
load factor is not sufficient; that we ought to take into con- 
sideration not only the machine load factor, but what we mav 
call the station capacity factor. We might divide both the max- 
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imum load and the monthly output by two and still get the same 
load factor, but a large part of the operating cost per unit of 
output would be twice as great, the fixed charges per unit of 
output twice as great, and the costs tremendously affected. 

The proposed inverse fourth root relationship is represented 
by curves as shown in the paper, or as in Fig. 2 herewith. I 
suggest that instead of dealing with the costs per unit of out- 
put we should deal with the total output and the total cost. 
The relationship is then represented by an approximately straight 
line as in Fig. 1 herewith. This I think will facilitate comparison 
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and will be more readily understood by the accountants and the 
executives who have to deal with such questions, as well as by 
the engineers. If it is desired to deal with an equation rather 
than by plotting, Fig. 1 permits an equation which is much easier 
to use. The actual performance of a certain steam turbine 
Station is represented by Figs. 1 and 2. Whether the plotted 
Tesults will always lie on a perfectly straight line or not does 
not matter and does not make the method suggested any less 
accurate than the proposed inverse fourth root method. 

D. C. Jackson: This communication of Messrs. Stott and 
Gorsuch is an important addition to the extended series of 
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truly classical papers which have been produced by Mr. Stott 
and his assistants. There are two quite distinct and yet closely 
related features in this paper. One is the proposal that suitable 
records shall be kept by power companies, and the presentation 
of a method of keeping them. The other is the statement of 
Mr. Stott's new inverse fourth root rule of the cost of power 
as it 15 affected bv load factor. In respect to the latter, I have 
made some tests of the application of the rule to certain relatively 
small generating stations which have enjoved a steadily improv- 
ing load factor for a number of ycars and in which the super- 
vision has been good. Comparing the cost of power production 
plus repairs in the different years, the results come out in satis- 
factory accord with the inverse fourth root rule, which indicates 
that we here have a rule which is not only applicable to enormous 
plants but that it is of general applicability. The rule may there- 
fore be made of much value in studying the advantage to an 
electric power enterprise which may arise from obtaining a 
load of improved load factor. It cannot be applied, however, 
as between two different plants unless thev are alike in character 
and organization. "Take one plant with 30 per cent load factor 
annually, and another plant with 45 per cent load factor annuallv, 
and if they are quite different plants, you cannot compare them 
by this rule without making a prorate with respect to the cost 
of labor and the cost of coal. Even then one can scarcely expect 
to get an important comparison between two such plants 
through the inverse fourth root method. Some other curves 
will apparently have to be made besides those which Mr. Stott 
has suggested in the paper, to obtain value from such a com- 
parison, yet it is worth trying to extend the method so that it 
may be used to find a relative figure of merit for plants under 
diverse conditions. | 

I want to speak of the need ot extending this study of cost 
of power beyond the power house. The power house cost is 
not the whole cost of power to the average company. The 
average company is not only a manufacturer, but a distributor, 
and the delivery cost is really one of the most important items 
in a large number of cases. In fact the delivery costs may be 
greater than the production costs, and under these circumstances 
we should not be satisfied to stop at a study of power house 
costs. "This is a problem that needs the joint consideration of 
the engineers and the auditors, and until such coöperation is 
brought about in our clectric companies, power costs will not 
be fully figured and known and the lowest profitable prices 
which can be made for classes of customers will not be determined. 

I will not attempt here to go into the details of this paper. 
A classical paper does not ordinarily lend itself to discussion 
in detail; and this paper like its type is a stimulus to study 
rather than discussion. 

Ralph D. Mershon: Professor Jackson savs this study of cost of 
power should be extended to the distribution system. Let us get 
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the terms correct before we extend them any further. I wish we 
could get a good definition of “load factor”. Idonotknow whata 
man is talking about when he speaks of load factor. The In- 
stitute hasa definition for load factor which 1n itself is far from 
being definite, and, as far as I know, none of thc other electrical so- 
cieties would conform to the same definition. That 15 one of the 
first things to be decided on in this matter, to be agreed upon. 
Some writers associate the load factor with the station. To 
mv mind the load factor is a characteristic of the load, and it 
has nothing to do with the station. However, there are some 
prettv vigorous arguments made on the other sidc. 

P. W.Sothman: I agree thoroughlv with Mr. McClellan 
in that we should publish statistics freely. The advantage 
gained from statistics 1s very obvious, in that they will help 
us to make comparisons and stimulate us in our endeavors to 
obtain the highest efficiency. 

I think Messrs. Junkersfeld and Mershon are right with 
regard to the load factor. The more I think of it, the less I 
find I know about it. The matter should be referred to the Com- 
mittee on Standards of the Institute for elucidation. 

H. M. Hobart: I think a brief allusion. should. be made 
to the influence of power factor on the cost of manufacturing 
electricity. Itis apt not to be recognized how greatly the power 
factor affects the cost. It is generally thought that it affects 
exclusively the cost of the transmission line, the substations 
and the distribution system. But when you go into the mattcr 
seriously you will find it makes a decided difference in the cost 
of the electricity as delivered at the outgoing cables of the central 
station. I am of opinion that in these schedules some account 
should be taken of the power factor. Of course, also, the kind 
of electricity, the form in which it is delivered to the outgoing 
cables, makes a large difference. When it is delivered in the 
single-phase form it costs more than when it is delivered in the 
three-phase form. The turbines may be of the same size, but 
when you take into account the increased size of the gencrators 
and their lower efficiency when designed for single-phase, it is 
found to make a very decided difference. The difference is 
apt to be confused with the circumstance that this single-phase 
electricity for the purpose for which it is now required on a 
large scale is always associated with a low power factor. The 
aggregate result of being required to deliver the electricity at 
a low power factor, and at the same time in the single-phase 
form, is to occasion a very scrious difference in the cost of elec- 
tricity, which certainly must be taken into account. It is utterly 
erroneous to consider that the two kinds of electricity can be 
produced at substantially the same cost. 

I was glad to notice in the paper and also in the discussion 
the increased tendency to express the capacity of the station, 
In terms of the millions of kilowatt-hours per annum to be dc- 
livered, rather than in terms of the rated capacity in kilowatts, 


50 POWER COSTS IN STEAM PLANTS [June 26 


because when you come to the rated capacity in kilowatts it 
is difficult to applv a definite rating to a station. In looking 
into the matter of the thermal regulation of turbo-generators, 
one finds that a large generator which will deliver an output of 
unitv for a given ultimate temperature of its windings on the 
coldest dav of winter, will have its capacity brought down to 
something like five-tenths on the hottest summer day, so that 
vou can hardly put on the nameplate of the generator a rating 
in kilowatts, when it varies from two to one from the coldest 
day in winter to the hottest day in summer, provided you want 
to consider that the limitation to the output of the generator 1s 
the temperature of the hottest part of its windings. 

P. M. Lincoln: I want to make a few remarks on the 
matter of load factor. We have been told that when we talk 
about load factor we do not convey any idea of what we are 
talking about. I do not think that is exactly true. I might 
use, as an illustration, that if I should say I saw a dog on the 
lawn, you would know in general what I was talking about, but 
you would not know whether I was talking of a dachshund or 
cocker spaniel, or some other kind of dog. If I wanted to con- 
vey the idea of what particular kind of dog I was speaking about, 
I should have to say I saw a male cocker spaniel pup a few weeks 
old, having such and such characteristics. We are doing exactly 
the same thing, when we speak about load factor. When I 
say load factor, you know in a gencral way what I am talking 
about. It is a generic term, not specific; it is the difficulty with 
the speaker, as a rule, that he docs not define exactly what he 
means. But if I shoufd speak of the dailv load factor, based 
on a fifteen minute maximum, vou would know what I meant, 
and if I should speak of a vearly load factor, based on a one 
hour maximum, you would know what I was talking about. 
The term “load factor" is perfectly defined іп its generic sense, 
and if the speaker wishes to be more definite, it is up to him to 
put in the proper qualifications. 

Ralph D. Mershon: Will your remarks apply to the case 
where the load factor is the ratio between the average load 
on the station and the generating capacity vou have in 1t? 

Paul M. Lincoln: That is not load factor, that is something 
else. 

Ralph D. Mershon: Most pcople call it load factor. 

Paul M.Lincoln: Load factor is something that applies to the 
load and not to the station that carries the load. 

W. S. Gorsuch: The formula on page 1130 has been criti- 
cised by Mr. Floy, becaus? “ general and miscellancous ad- 
ministration expenses" are not included. These items сап be 
added in the same way as "Investment Costs," making cor- 
rection for load factor only, as explained on page 1128. How- 
ever, it is not the purpose of the formula to express the total 
cost of power but to show after applying correction factors the 
relation of those costs, which depend upon the station design, 
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eficiency and management, as illustrated and explained on 
pages 1126 and 1127. 

To compare two plants from a purely operating point of view, 
it is proposed to correct for the “Average Daily Wages per Man" 
and the cost and quality of coal or "Figure of Merit”, as these 
two items are materiallv affected by local conditions over which 
the station manager may have little or no control. The other. 
items of production and production repairs are practically factors 
of station condition, design and management and can be directly 
compared without making any corrections. The Investment 
and Administration Costs are independent of how a station is 
operated or managed, and these items can be compared directly 
on kw-hr. net-output basis without anv corrections, to see 
whether or not either station is unduly burdened with such 
charges. One plant may be carrying more surplus capacity 
than is necessary and for which there may not be any demand 
in the immediate future. If a correction factor were applied to 
every item of cost, a hypothetical station would be set up equiv- 
alent to the plant taken as standard of comparison, with the nat- 
ural result that the power costs for both plants would be prac- 
tically the same. 

I do not know of any life expectancy table that is gener- 
ally accepted bv engineers, as has been stated. Further, 
the life expectancy table used in the illustration is not 
given for the purpose of setting up a standard, for there cannot 
be any standard in the sense that the table is used in the paper. 
Ап independent life expectancy table should be established 
at the beginning for each plant and readjusted at certain periods. 
If two plants are equipped with similar apparatus and installed 
about the same time, the life expectancy tables at the start 
would naturallv be the same. If, on the other hand two plants 
should be installed a period of years apart with similar equipment 
the life expectancy tables may be correspondingly different 
for certain apparatus. One company may purchase and install 
apparatus that will soon become obsolete while another company 
тау have had similar apparatus in service for several years, 
In which case it would not be consistent to applv the same life 
expectancy table when each plant was put in operation. 

Іп comparing the power costs of any two stations with а. 
View to purchasing and interchanging power or combining plants, 
It is essential to sce that the life expectancy tables are not 
relatively too low or too high. What the whole scheme really 
amounts to is to establish a reasonable independent life expect- 
ancy table at the beginning for each plant, so that the percentage 
estimated to be set aside will be sufficient to replace the appar- 
atus when it becomes obsolete or inefficient. 

The expenses of personal injuries, other property damages 
and pensions, chargcable to the power plant should be determined 
Independently, as they are relatively small in comparison with 
those of other departments of a railway or lighting company. 
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These expenses may be incurred by straight operation or during 
repairs and it is proposed to charge them to production or pro- 
duction repairs as the case may bc. | 

Mr. Schwartz seems somewhat apprehensive regarding the 
application of the “Reduction Factor" for labor when comparing 
a hand-fired with a stoker-operated plant. While it is true that 
there will be more men, and that the “Average Daily Wages per 
Man" may be lower in a boiler room that is hand fired than in 
one using mechanical stokers, yet 1t is equally true that one plant 
may have too many other classes of men in the station due to 
bad management, poor arrangement and kind of equipment etc. 
If it is desired to know what the stoker operated plant with its 
entire equipment can do, provided the lower price of coal and 
lower (possibly) “Average Daily Wages per Man" of the hand 
fired plant can be obtained, it will be perfectly fair to apply the 
“Reduction Factors" for coal and labor as outlined in the paper. 
It may be that a hand-fired plant has a lower “Average Daily 
Wages per Man" with practically the same “Figure of Merit" 
of coal as the stoker-operated plant with which it is being 
compared, in which case it will be necessary to increase the cost 
of labor of the hand operated plant for comparative purposes. 

In reply to Mr. Schwartz's suggestion that in determining 
the “Figure of Merit” of coal, volatile matter, sulphur and other 
ingredients than that of ash should be considered. I wish to 
say that it would be very difficult to correct for many of the fac- 
tors, and further, the variation of some 1s so small as not to 
materially affect the “Figure of Merit". For illustration, in 
comparing two coals it will require a difference of 30 per cent 
in hydrogen to make a difference of about 1 per cent in the 
“Figure of Merit". 

Regarding the question whether it would not be better to 
give the total cost of each item under the various groups instead 
of the cost 1n cents per kw-hr. net output which 1n some cases 
will be a decimal of several ciphers, it will not be possible to 
compare corresponding items of two stations on the ваше 
basis unless reference is made to the kw-hr. net output. 

The charges covered by Group P.A. “Management and Care” 
would naturallv be distributed among all the other groups, 
but this would be very difficult to do, as some rule or assump- 
tion of distribution would have to be made which would vary for 
different stations. For comparative purposes it seems to be 
advisable to group these costs as outlined. 

If the percentage to be annually charged to the “Amortization 
Fund" is determined by using the average weighted life and the 
total cost of the plant, it will be found after a period of ycars 
that there will not be sufficient funds to cover the required 
replacements. The proper way to arrive at this percentage 1s 
to determine the amount to be set aside annually for each main 
item as outlined in Table I and then determine the rate by 
taking thetotalannualchargeandthetotalamount to be amortized. 
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Regarding the question as to whether the relationship between 
load factor and cost of production plus production repairs as 
expressed by the inverse fourth root law is applicable to small 
plants, this law will hold for plants of 5000 kw. capacitv and 
probably smaller. 

There seems to be a difference of opinion as to whether the 
"General and Miscellaneous Administration Expenses" should 
be included in the cost of power. For the purpose of comparing 
the cost of power from an operating point of view, it is not neces- 
sary. However. for the purpose of exchanging or selling power 
a portion of these expenses should be included in order to obtain 
the true cost of power to the company. А portion of the Admin- 
istration expenses is required to make and keep the plant a 
going concern, such as the purchase and distribution of fuel 
and material, drawing up contracts for materials and apparatus 
used in repairs, adjusting claims, relief, handling pay rolls, etc. 
Taxes are also imposed, on the company for the privilege of 
operating. 

Aside from the above, if a company desires to determine 
whether it will be cheaper to purchase power, it will be necessary 
to exclude such items that will not disappear and include those 
that wil disappear in the event of power being purchased. 
This not only applies to “General and Miscellaneous Adminis- 
tration Expenses" but also to “Investment Costs". For in- 
stance, the bondholders may require that the plant be kept 
intact and not dismantled and scrapped. In contemplating 
the purchase of power, the conditions should be considered 
under which the proposition is made before comparing power 
costs, as items that will disappear in one case mav not disappear 
in another. 

I do not see that 1t 1s necessary for any classification of ac- 
counts that may be decided upon for determining and comparing 
power costs, to conform strictly to any Public Service Com- 
mission Classification. However, the grouping should be 
arranged so that any Public Service Report can be compiled 
from it. 

The amount of the miscellaneous items in each group will be 
relatively small as any appreciable expenditure can be charged 
to a definite item. 

E. D. Dreyfus (by letter); We have long felt the need of 
establishing criteria for measuring the performance of our power 
plants. If the movement Mr. Stott and his associate have in- 
augtarated will be conducted in the manner it deserves, benefits 
to industries are bound to result. Some stations under efficient 
and progressive management have established results which 
should be fairly taken as bench marks from which other stations 
should measure their performance. 

Conditions, of course, vary widely and the authors have 
focused attention upon those which were of the most serious 
nature and have proposed formulas to reduce the operating con- 
ditions of different plants to a more or less common basis. 
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In connection with the formula at the bottom of page 1128, 
it is the writer's opinion that in a great many plants there would 
be either difficulty or a great deal of additional work to adequately 
and satisfactonly determine the percentage of combustible 
in the ash. For simplification I would propose that this formula 
be modified so that the “figure of merit" could be ascertained 
directly from the coal analysis and the total effect of the per- 
centage of the ash taken care of somewhat in accordance with 
the results obtained by Mr. W. L. Abbott in a long series of 
tests conducted in Chicago upon the effect of variation of per- 
centage of ash in the fuel and which was published 1n the pro- 
ceedings of the Western Society of Engineers, 1906. Also, I 
wish to call attention to the fact that the use of the long ton con- 
fines this formula, more or less to sections in and around New 
York. I believe according to government reports that over 
ninety per cent of the coal mined 1s sold on the short ton basis. 

The authors have adopted a factor termed, “The Average 
Daily Wages per Man". In this connection I might mention 
another point which might have some bearing, and that 1s that 
some operating companies work on a very much closer margin 
as regards the number of men engaged in running the power 
house than others. Some companies hold more men in reserve 
for emergency and figure that the cost of this insurance is worth 
while; while, on the other hand, other companies view the matter 
from the standpoint that it is best to keep the labor cost down 
to the minimum and economy thus affected will more than offset 
any probable loss due to emergency which might have been 
largely offset by having extra men working around the power 
house and in readiness to do emergency duty. 

As the writer understands it, as far as the present analysis goes, 
it is probably the intention to compare stations of practically 
the same size. Although it might seem a difficult matter to 
establish a relative scale for plants of different capacity. I 
believe this phase could be worked out in a satisfactory and 
dependable way through a svnthetical study. There will 
probably be times when 1t will be desirable to compare stations 
of different capacities regarding which the other operating con- 
ditions are very similar. 

As is obvious, the question of power plant comparisons is. 
to a large extent, involved, and the authors are to be highly 
commended for the steps thev have taken to overcome the 
apparent obstacles and make comparisons of practical and 
definite value. 

Charles S. Ruffner (by letter): Тһе power costs of two given 
plants will differ because of size, cost of labor, fuel and other 
supplies, the average use of maximum load or load factor, the 
relation of maximum demand to total capacitv, investment, 
efficiency of management, and the degrec of proper coórdination 
of each unit of equipment as regards relative capacity and loca- 
tion. The paper of Messrs. Stott and Gorsuch attempts to 
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compare power costs by eliminating or equating three of these 
variables, cost of labor, cost of fuel and load factor. with the 
obvious purpose of determining the last two, viz., efficiency of 
operation and efficiency of original design. 

Like all comparative analyses of costs and efficiencies the 
problem is one containing so many variables as to make difficult 
a mathematical solution, and it has often been questioned 
whether the generalized results obtained by such studies justify 
the elaborate processes involved. 

Comparative costs of generating electrical energy are, however, 
becoming of increasing importance. The determination of 
reasonable rates by regulating commissions raises the question 
of relative efficiency. The value of a water power, where such 
a separate value exists, involves the question of the financial 
economy of hydraulic generation over other available processes, 
and while the present paper relates to steam plants only, similar 
methods must be developed for making such comparisons of 
various types of generation. Large operating syndicates are 
in need of concrete methods of analyses fór comparing the results 
obtained by the various plants under their supervision. The 
necessity of a comprehensive scheme of analyses for these pur- 
poses wil outweigh the limitations of comparative methods 
such as those outlined in the paper. 

The classification of accounts which comprises the larger por- 
tion of the paper is not essential to the scheme of analysis out- 
lined. Central stations are generally operating under class- 
ifications recommended by the National Electric Light Associa- 
tion. or the American Electric Railway Association or pre- 
scribed by state commissions. These accounting systems seg- 
regate the operating cost at switchboard from other operating 
costs and subdivide this general group into station labor fuel, - 
miscellaneous operating expenses and maintenance items similar 
to those provided in the paper. While the proposed classifica- 
tion has many novel features it is not suited to all sized plants, 
does not take into account the possibility of the steam plant 
being used for other than steam generation purposes, evidently 
overlooks the impracticability of separately segregating general 
and undistributed expenses belonging to power costs from other 
portions of the business and introduces terminology much at 
vanance with established practise. Present central station 
accounting methods have been gradually developed after years 
of experimentation and after consideration of the joint needs of 
the operating manager, the accountant and the engineer and it 
is difficult to see what purpose will be accomplished by the 
changes contemplated. The accounts of any up-to-date electric 
utility permit separation into the items of Production Cost, 
Production Repair Cost and Investment Cost, the sum totals of 
which are used in the scheme of analysis, and will disclose the 
proportionate amount of expense burden applicable to these costs. 

The most important feature of the plan outlined for compar- 
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ing costs 1s the load factor. The effect of load factor upon the 
investment costs is not difficult of determination since these 
costs per unit are an inverse function of the use. Question may 
be raised, however, as to the basis of calculating what the invest- 
ment charges really are. 

Interest and profit are inseparably associated in “rate of 
return" and few investors or bankers would finance a power 
plant with the expectation of receiving only a five per cent rate 
of return on their investment. It is true that money is often 
borrowed at five per cent interest for short terms or for long 
periods where the security is gilt edge, that is, with a substantial 
equity. The owners of the equity, however, expect larger rates 
of return than five per cent, either through the payment of inter- 
est or dividends or appreciation in market prices of their holdings. 
The use by engineers of low interest rates on the entire invest- 
ment in calculating annual costs has contributed to the low 
regard in which capital “planted” is held today. 

Considerable difficulty must necessarily be encountered when 
attempting to determine the proper amount to be set aside 
annually to cover that portion of investment charge represented 
by depreciation. The work of prophecy is an exceedingly 
difficult task at which to maintain a reputation for accuracy 
and has developed attractions since the world began. "The man 
putting up his money cares little whether the unit of equipment 
requires abandonment on account of wearing out, obsolescence 
or inadequacy. Hc desires the engineer to advise him with 
respect to proper annual reserve which in the long run will re- 
produce his investment. Data upon which to predict such 
calculations are very meager and confined to a few tnstances, 
possibly not representative of the group or class. The accuracy 
of such calculations, even for a class, can not accordingly be 
very great, and herein lies another reason for estimating the cost 
of money at higher than ordinary interest rates, to at least in 
part compensate for the hazard arising out of the lack of knowl- 
edge of the probable life of units of equipment. The Institute 
has much work cut out for it along this line. 

The effect of load factor upon the cost of operation and ‘repairs 
is, however, more involved. This relationship, it is stated in 
the paper by the authors, may be expressed by the empirical 
formula 


where Y represents the cost in mills per kilowatt hour net output, 
X the corresponding load factor expressed in per cent, and y a 
constant for any curve. It is stated that ‘‘this law will hold 
between 15 per cent and 90 per cent load factors and is applicable 
for individual plants, but in comparing independent plants the 
cost of power in cach plant should be reduced to a common 
load factor.”’ 
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It would be fortunate if this important relationship could be 
thus simply expressed and the entire problem of station economy 
reduced to an approximate formula. It is observed, however. 
that the expression does not even generally fit the experience 
with which the writer is familiar. It does not account for varia- 
tions in monthly costs with which the operator is interested and 
does not promise as great economies with better load factors as 
experience has proved are possible. Two typical instances, 
one condensing turbine operation and the other Corliss conden- 
sing engines, may be cited as illustrations, and are given below: 


STATION À STATION B 
Monthly | Actual mills Calculated Monthly | Actual mills Calculated 
load factor. per sb. kw-hr. mills per load factor.| per sb. kw-hr. mills per 
sb. kw-hr. sb. kw-hr. 
45 6.46 6.36 35 11.30 9.63 
47 6.97 6.29 38 11.54 9.43 
48 6.75 6.27 45 10.45 9.06 
49 6.38 6.25 46 9.62 9.09 
50 6.20 6.20 47 10.41 8.95 
52 6.02 6.16 48 9.56 8.93 
94 5.55 6.09 50 8.82 8.82 
55 5.87 6.06 54 9.02 8.66 
97 5.78 6.00 
60 5.42 5.93 


Station À is a medium-size plant of 30,000 kw. capacity. 
Station B 1s a small plant of 5500 kw. capacity. Both calcu- 
lated costs are based upon the actual costs at a 50 per cent load 
factor. The choice of some other basis might have led to better 
closeness of fit of actual conditions and conditions assumed of 
formula, but would not have obviated the variations noted or 
spanned the maximum and minimum of the observed data. 

An examination of the formula indicates why this is the case. 
The equation assumes a fixed relationship for all types of steam 
generation, makes no allowance for the operation of several 
units at different times or for the size of the equipment and its 
overload capacity. Assuming that the cost at 100 per cent 
load factor is unity, the formula fixes the cost at 20 per cent load 
factor at 1.47, a 50 per cent load factor at 1.19 a 60 per cent 
load factor at 1.14, etc. That important variations may be 
expected from the assumed standard is apparent from an in- 
spection of the familiar economy curves of boilers, prime movers 
and generators. Various combinations of these factors are 
certain to effect changes in the resultant curve. 

The cost sheet of the power plant at various load factors more- 
over, does not reflect merely the relation of input to output. 
It consists, especially in plants of limited capacity, of manv items 
of cost fixed in their nature and independent of load factor or 
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output. Certain labor and maintenance items, for example, 
may be expected to continue whether the plant 1s fully utilized 
or not. In small plants this constant quantity is of greater mag- 
nitudc than in large plants and the effect on the cost at various 
loads is one of varying degree. All of these factors must be 
accounted for in any empirical formula designed to compare 
results of operation. 

When the various items of power costs are separately scru- 
tinized from month to month it 1s noted that each has its own 
basis of variation. Statistical units may bc frequently developed 
to reduce these variables to more constant quantities and it is 
believed that this method of preserving data 1s the first step in 
the development of a cost formula. From a management stand- 
point increases in power costs are of particular interest because 
they are due partly to changes in the demand and load factor 
over which the management has little or no control and partly 
to direct additions to expense for which the responsibility can 
be directly localized. Both types of causes effect an increased 
cost per kilowatt-hour. The fuel cost which theoretically must 
be some function of the load factor will fall largely in the first 
class. The remaining items, labor supplies maintenance, etc.. 
fall largely in the latter class and while a small proportion of the 
total is that part in which the greatest possibilities for economies 
in operation arise, and hence of the greatest interest. 

A report form based upon a statistical comparison other than 
kilowatt-hour costs is used by one of the largest operating svn- 
dicates. The classification of accounts corresponds to that of 
the Public Service Commission of the state in which the plant 
is located. The data disclosed for the various items of steam 
and power plant costs are as follows: 


STEAM GENERATION 


General 

No. Account. ` Unit Specific Unit 

601 Boiler plant superintendence.................... sb. kw-hr. Percent. of 602-616 
602 Boiler plant operating labor............... ГЕРТА * Coal ton. 

603 Coal and ash handling operating labor.......... Coal ton. 

604 Water purification operating labor.............. 100 cu.ft. 

605 Fuel for steam (Cost of fuel in storage)........ Coal ton. 

606 Water for в4еат............................... 100 cu.ft. 

607 Water purification supplies..................... 100 cu.ft. 


608 Boiler plant ісіз............................. 
609 Boiler plant supplies and expenses.............. 


Boiler h.p-hrs. 
Boiler h.p-hrs. 


Е к Е Е К Аа RK к к E R KF а кю 


610 Removal of ashes expense (haulage from plant). . Coal ton. 
611 Maint. of boilers and boiler aux. equip. (labor)... Boiler h.p-hrs. 
612 Maint. of boilers and boiler aux. equip. (sundries). Boiler h.p-hrs. 
613 Maint. of coal and ash handling equip. (labor).... Coal ton. 
614 Maint. of coal and ash handling equip. (sundries). Coal ton. 
615 Maint. of water purification equip. (Таһот.)...... 100 cu ft. 
016 Maint. of water purification equip. (sundries)..... 100 cu.ft. 


617 Maint. of boiler plant bldys., fix. and grounds 

CERES rede be ака и Хори Ба reme rae od ы бық лела “ Boiler h.p-hrs. 
615 Maint. boiler plant bldgs., fix. and grounds (sun- 

ОСЕ aieo Air toe a Me aD ae d eda aM ets Ы Boiler h.p-hrs. 
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ELECTRICAL GENERATION 


General 
No. Account. Unit Specific Unit 
626 Prime mover plant superintendence............. sb. kw-hr. Per cent of 621-629. 
and 632-642. 

627 Prime mover operating labor................... ж kw. demand. 
628 Prime mover plant elec. operating labor.......... E kw. demand. 
629 Prirne mover plant mscl. operating labor......... = kw. demand. 
630 Steam generated (proportion of cost) accts. 601-618 x kw. demand. 
631 Steam ригсһавей.............................. а kw. demand. 
632 Prime mover plant lubricants................... Б kw. demand. 
633 Prime mover plant tools....................... s kw. demand. 
634 Prime mover plant supplies and expenses........ * kw. demand. 
635 Maint. of prime mover (labor).................. ш kw. demand. 
636 Maint. of prime mover (sundries)............... a kw. demand. 
637 Maint. of prime mover aux. equip. (labor)....... z kw. demand. 
638 Maint. of prime mover aux. equip. (sundries)... а kw. demand. 
639 Maint. of generators and aux. gen. equip. (labor). я kw. demand. 
640 Maint. of generators and aux. gen. equip.(sundries) 2 kw. demand. 
611 Maint. of aux. electrical equip. (labor)........... “ kw. demand. 
612 Maint. of aux. electrical equip. (sundries).. 2 kw. demand. 
643 Maint. of prime mover plant bldgs., fix. and 

grounds (аһот)............................. “ kw. demand. 
614 Maint. of prime mover plant bldgs., fix. and 

grounds (sundries).......................... А kw. demand. 
731 Electric current exchanged (between plants)...... ы kw. demand. 


For large plants these costs are subdivided in greater detail 
although the units of comparison are similar. The statements 
are also supplemented by statistics of demand, capacity, output, 
coal, water and lubricants. It will be noted that the electric 
generation costs are classified under both the kilowatt or demand 
unit and the kilowatt-hour or output unit. Some of these items 
vary directly with the demand; others respond to changes in 
output. The large majority of items, however, vary with the 
load factor and are affected by both demand and output. Were 
the plant operated at 100 per cent load factor by far the greater 
portion of the ‘‘steam generation" expense then would be an 
output cost. While operated at less than 100 per cent load factor 
standby losses are developed, a large portion of which are elimi- 
nated with better load factors. Labor costs develop even greater 
standby losses at low load factors, and these items alone serve to 
explain why better economies are possible, than the formula 
presented would anticipate. 

The varying items comprising station opcrating cost are of too 
great importance to be merged into a general formula even when 
expressed as an equation of the fourth power, if the purpose in 
comparison for the sake of determining relative efficiency or 
possible future economy. If it is possible to develop a single 
formula which reflects in like manner two types of operation, 


it is believed that a segregation of the following four items is 
essential: 


(a) Operating costs continuing irrespective of the output, such as 
labor, maintenance, etc., but affected by the demand. 
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(b) Costs varying as some function of the load factor, such as fuel, 
labor, water, etc. 

(c) Costs varying directly with the output. 

(d) Overhead costs such as supervision. 


Such a separation will not only provide the mcans for direct 
comparison of different plants but will give the separation of 
costs necessarv to determine the charge to be borne by various 
scrvices supplied by the same central station, such as traction 
and commercial lighting, and will serve as a basis for fixing the 
rate of charge to be made to customers under a demand and 
energy schedule. It also does not seem probable that fullest 
economy can be obtained in operation until those portions of 
cost which directly concern the management are separated from 
those costs which are dependent upon a varying public demand 
for service and hence without the control of the management. 

S. D. Sprong (by letter): The following notes refer only to 
the paragraph entitled “Estimated Life of Apparatus", includ- 
ing Life Expectancy Table, of the paper by Messrs. H. G. Stott 
and W. 5. Gorsuch. 

I agree with the writer that estimating the life of apparatus 
is a highly speculative matter, but do not believe that all the 
figures given in thc life expectancy table represent the results 
which have been obtained in first-class well designed power 
plants. 

Between the years 1893 and 1898, a number of first-class 
steam driven power plants were designed or erected in the Greater 
City of New York. These plants were equipped with recip- 
rocating engines, the majority of which are still in operation 
and apparently will continue to operate for years to come. It, 
thercfore, scems that the total life of twelve years estimated for 
engines and condensers is far below what may actually be ob- 
tained in view of the number of engines now operating which 
are from 15 to 20 years of ave. The same general statements 
apply to alternators for which the estimated life is stated as 
twelve years as practically all the large alternators installed in 
New York City beginning with 1897, or sixteen years ago, arc 
still in operation. 

Synchronous converters are given an estimated life of twenty 
vears. A number of these machines have been in operation in 
New York City from about the vear 1894, and a large number of 
the batteries now in use have been in service from 10 to 15 years. 
The author estimates ten vears as the average life of the battery, 
but there are a large number of batteries now operating in New 
York considerably older than this, and which batteries are still 
in first class condition. In the early days the battery man- 
ufacturers were willing to guarantee the total maintenance of 
the battery for 6 per cent of the cost which, without considering 
interest, would mean a Ше of over sixteen years. The actual 
scrap value of lead in batteries will run from 10 per cent to 20 
per cent of the original cost according to the condition of the 
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plates. The average life of a battery depends almost entirely 
upon its number of discharges rather than its life in years. The 
vehicle battery may have to be replaced yearly if discharged 
daily, whereas a station battery under average operating con- 
ditions would probably not have the same number of discharges 
in thirty years. 


——— —F — ee 
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DiscvssioN ON “ THE BEHAVIOR OF SYNCHRONOUS MOTORS 
DURING STARTING” (NEWBURY), “Соммотатімс POLE 
SATURATION IN DrIRECT-CURRENT MACHINES” (STOKES), 
“CONSTANT VOLTAGE TRANSMISSION”? (DWIGHT) AND “THE 
INDUSTRIAL USE or SYNCHRONOUS MOTORS Bv CENTRAL 
STATIONS" (PARKER), COOPERSTOWN, NEW YORK, JUNE 
25, 1913. (SEE PROCEEDINGS FOR JUNE AND JuLy, 1913). 

(Subject to final revision for the Transactions.) 

William J. Foster: The self-starting synchronous motor has 
one bad characteristic and that is the induced potential across 
the field terminals. It is something which exists in the nature 
of the apparatus. Of course, if we keep down the number of 
turns in the field winding, we alwavs can help out in the matter 
of induced potential, but, as is stated by Mr. Newbury, it is not 
always convenient to do this. Asa general rule, 125 volts has 
been regarded as standard, and we can design and wind the fields 
and insulate them so as to take care, ordinarily, of 125-volt wind- 
ings, but when it comes to 250 volts it begins to be a serious 
matter. The insulation problem is serious. In such cases I 
have known of this scheme of short circuiting the field to have 
been the practical solution of the problem, but in general, as 
pointed out by the author, the short circuiting of the field de- 
tracts from the starting torque per input.. That being the case, 
it is extremely desirable to excite at lower potential. | 

There is a particular use which can be made of the short cir- 
cuited field that I have known to have been resorted to in a 
number of cases of motors that have an increasing torque from 
rest to svnchronous speed, and that is to short circuit the field 
when about two-thirds speed has been attained. By doing. 
that the torque can somewhat be increased at the higher speed, 
before vou reach the point where excitation can be applied. 

I think there are many places where svnchronous motors are 
now installed and some difficulty, perhaps, is experienced in 
starting up at the pulling in point, where by installing a resist- 
ance and short circuiting the field much better results сап be 
obtained. 

August H. Kruesi: I want to suggest that the author give 
us the number of slots per pole, £he radial depth of air gap and 
the number of bars in the short-circuiting winding for both ma- 
chines so that we can tell to what extent the performance depends 
upon the particular design of the machine tested. 

F. D. Newbury: The number of armature slots per pole is 
twelve, and the radial depth of air gap 3/16 in. (4.76 mm.) The 
number of damper bars per pole is seven and the damper wind- 
ing is of the same tvpe as shown in Fig. 1. The armature slot 
pitch is 0.88 in. (22.35 mm.) and the damper slot pitch 1s 1.15 in. 
(20.2 mm.) 

H. M. Hobart: Mr. Stokes’s paper draws attention to one 
of the greatest difficulties in connection with the design of ma- 
chines with commutating poles. The commutating pole certainly 


1913] DISCUSSION AT COOPERSTOWN 63 


has been of very great service in improving the design of commu- 
tating machinery, but there are two sides to the matter and it has 
always seemed to me that it should not be used to anv greater 
extent than is necessary for the accomplishment of the purpose 
for which it is put there. At its advent, designers used it to a 
very great extent and overdid the thing. The reasoning was 
that since with the commutating pole one could offset very large 
reactance voltages in the coil undergoing commutation, 
there was no need for any great subdivision of the commutator. 
It was considered that by having fewer segments and cheapen- 
ing the construction of the commutator one could get as good 
results by neutralising the reactance voltage in the short cir- 
cuited coil by appropriately designed commutating poles, but 
it soon became apparent that there would be a tremendous mag- 
netic leakage from these small commutating poles to the large 
main poles. Some designers appreciated that, but they were 
in a small minority. Most designers made the commutating 
poles the full length of the machine, but as Mr. Stokes points 
out there 1s 200 or 300 per cent magnetic leakage under these 
circumstances, unless you are quite careful in the design of the 
machine. | | 

I considered right from the beginning, that the use of the 
commutating pole should be as follows: to design the machine 
as well as you could, quite aside from the commutating pole, 
and then put in enough commutating pole to neutralize the 
amount of reactance voltage, which vou ordinarily have in the 
machine. or as much of it as is necessary to insure good com- 
mutation. My experience has been that it has usually worked 
out admirably to have the commutating pole extend only a very 
short distance in a direction parallel to the shaft. Make it as 
short as possible for the requirements. One should follow the 
procedure of first designing the machine as good as possible, 
without any reference to the intention which you have in re- 
serve of adding the commutating pole. 

Designers have been tempted to employ high reactance volt- 
ages. If, for example, a machine were planned with a reactance 
of 4 volts in the short-circuited coil, it might require that the 
commutating pole should extend the full width of the machine. 
If, however, a better design had been employed and the react- 
ance voltage had been limited to 2 volts, then the machine could 
have been fitted with commutating poles of only half as great 
a length. This would have resulted in reducing the magnetic 
leakage and in less obstruction to the circulation of air amongst 
the poles. 

Even at this late date, although the commutating pole has 
been used extensively for 10 years, there js still great need to 
emphasize this viewpoint. Iam interested to see that the matter 
is being reduced to quantitative constants that will be of great 
aid, I have no doubt, to the designer. 

F. D. Newbury: My own experience with direct-current 
design has been largely second-hand, and the experience I have 
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had has been in connection with alternating-current problems. 
It has always seemed to me that designers of direct-current 
machines have been more inclined to approach their problems 
through empirical methods than have designers of alternating- 
current machinery. Possibly this is due to their older ex- 
perience, and the further distance they are away, in their 
methods from the simple fundamentals. That at least has 
scemed to be the tendency. 

It is the greater pleasure thercfore, to note that 1n the present 
paper the author has got down to fundamentals, has made up 
his formulas from the results of careful experiment, and has 
approached the subject from the scientific and physical stand- 
point rather than from the empirical. 

While the paper 1s primarily of interest to the designer, it is, 
I think. also of interest to the men using direct-current apparatus. 
There is a direct and particular-relation between the commuta- 
ting pole saturation and the ability of a given machine to with- 
stand heavy overloads. It is, of course, on overloads that the 
saturation of the commutating pole becomes apparent and the 
non-compensated rcactance volts cause dangerous sparking. 
All direct-current machines, even the compensated type, will 
flash on dead short circuit where the current will be anything 
from 15 to 20 times full load current. I have had many tests 
made, which have borne out the statement that most machines 
will flash very seriously with currents from five to ten times full 
load current. Those machines in which the commutating poles 
have bcen liberally proportioned, and more important still as 
Mr. Hobart pointed out, machines in which the reactance volts 
have been made a minimum are the machines that will with- 
stand the heaviest shocks and bchave best on short circuits. 

J. M. Hipple: In connection with Mr. Hobart's remarks, 
I call to mind a very extensive series of tests which showed clearlv 
the advantage gained bv the use of commutating poles. "This 
test was made to determine if the commutating pole had anv 
logical use in constant speed motor design.. For some time its 
usefulness in adjustable speed motors had been conceded. A 
considerable number of representative motors of various makes 
were given endurance tests under these three conditions: 

1. Full load and normal voltage. 

2. Full load and 10 per cent below normal voltage. 

3. Full load, normal voltage and 15 per cent increased speed 
by weakening the shunt field. 

The motors tested were all of the non-commutating pole tvpe 
and under condition (1) practically all gave good results, while 
under conditions (2) and (3) burning and blackening of the com- 
mutator developed in time. Similar tests on a scries of com- 
mutating pole motors showed that under all three conditions, 
the commutator showed no signs of blackening or burning. 
Conditions (2) and (3) are not to be considered abnormal and 
must be provided for and the commutating pole when properly 
proportioned takes care of them perfectly. 
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H. M. Hobart: Commutating poles are used as an antidote 
for certain troubles, and if the antidote is used to too great an 
extent it may cause a condition which is worse than that which it 
was designed to cure. That is the point. 

John M. Hipple: There are two wavs of considering the 
commutating pole, one as an antidote for commutatioa troubles 
and another as a prime factor in design. In my opinion it has 
a proper and very important field as a prime factor in design, 
just as 1n the noncommutating pole motor the saturated pole 
tip is often used as a prime factor. 

H. E. Stokes: In regard to Mr. Hobart's remarks on the short 
interpoles, it seems to be the general experience that it is well 
to make them shorter than the armature, say about 50 or 60 
per cent of the length of the armature, and that has the effect of 
permitting the heat to get away from the armatures as Mr. 
Hobart pointed out. Something can be done to get away from 
the leakage question by making the interpole shorter, as regards 
the armature, and lengthening it up near the frame. 

In regard to what Mr. Newbury had to sav about machines 
flashing-over, whether they are compensated or not, that is 
mostly due to the commutating pole flux lagging behind the react- 
ance voltage which causes a flash-over which can scarcely be 
taken care of by the commutator form. 

F. D. Newbury: Mr. Dwight’s paper presents very clearly 
the advantages of synchronous condensers in holding constant 
voltage at the end of a long transmission linc. There is one 
application which I understand has already been made where 
such a use of synchronous condensers was it) 
bination of a long line at high voltage and at high frequency so 
that operation with a light load at the receiving end made it 
absolutely necessary to install such synchronous condensers in 
order to hold the voltage down to normal, due primarilv, of 
course, to the small generating capacity in comparison with the 
length of the line. In that case synchronous condensers of half 
the capacity of the generators at the generating station were 
installed. "That is a special application of the general plan ad- 
vanced by Mr. Dwight, and I am quite sure merely points the 
way to a more general use of such synchronous condensers. 
As Mr. Dwight points out, the use of such a large additional 
generator capacity can only be justified in the case of long lines, 
where the cost of the line will be a more important item in the 
total cost than the cost of the main and substation machinerv. 

Mr. Dwight refers to railway work as possibly the sinyle 
exception to the general use of 60 cycles. I would point out that 
it is becoming more and more frequent to use 60 cycles for rail- 
way work employing 60-cycle synchronous converters. In the 
work of one of the larger manufacturing companies it has become 
very apparent that the use of svnchronous converters, in the 
smaller sizes up to 1000 kw. has gradually shifted from 25 cycles 
to 60 cycles; whereas a few years ago the 500-kw., 25-cycle 
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machine for example was built in large numbers, at the present 
time the 60-cvcle converter is the more usual machine so that 
I think Mr. Dwight’s single exception can be largely eliminated. 

Mr. Dwight also has some misgivings as to the ability of such 
synchronous condensers operating at very low excitation for 
supplying leading current at no-load. I do not think any such 
fear need exist—practically any synchronous motor with a 
proper damper winding will hold up the voltage on poorly reg- 
ulated svstems at no load and very small excitation. 

I ask Mr. Dwight if in his table on page 1370 the power factor 
at the generating station has been taken into account in determ- 
ining the size and cost of the two schemes. In one case it is given 
as 99 per cent, while in the other it is given as 89 per cent. This 
difference of 10 per cent in the kv-a. capacity will increase the 
cost for the constant voltage method, but it 1s a minor point in 
connection with the total saving incident to the svstem. 

R. B. Wiliamson: Mr. Newbury's paper is an exceedinglv 
valuable and interesting one, and particularly so to those engaged 
in the design of self-starting synchronous motors. The various 
oscillograms give a complete picture of the actions that take 
place during the different stages of starting and make many 
things plain which, while known to exist were not heretofore 
clearly understood. Some of the features brought out by Mr. 
Newbury werc touched on during the discussion of these motors 
at the meeting of the Institute held in April, 1912, in Pittsburgh, 
and the present paper clears up a number of points brought up 
at that time. 

Mr. Newbury's conclusions drawn as they are from the very 
complete set of oscillograms leave little room for discussion. 
Some of the results obtained show that this class of motor is 
capable of performances at starting and pulling into svnchronism 
much bevond the limits usually considered possible. 

As regards starting from rest, the difference noted between 
the torque developed with the rotor winding open and closed 1s 
considerably less than most machines that have come under my 
notice. However, this 1s something that depends very largely 
on the design of the machine, and I agree with. Mr. Newbury 
that except 1n cases where a very high starting torque is desired 
and where a high-resistance squirrel cage is used, it is possible 
and preferable to start with the field short-circuited through 
the rheostat though 1t may be necessary to open the field circuit 
later in order to prevent locking at half speed. I understand 
that the machines tested by Mr. Newbury had a laminated rotor 
spider; in machines having a caststecl or cast-iron spider, the 
voltage induced in the open field winding is considerably less 
than when the field structure is laminated throughout. 

An important feature brought out is that it is not necessary 
to have two starting points, provided the most favorable proced- 
ure 1s adopted when starting; and the deductions drawn from 
the oscillograms show the methods of starting and amount of 
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excitation Dest suited to different starting conditions. Before 
the influence of field excitation on the momentary rush of current 
at change-over was discovered, there was considerable trouble 
with these motors due to tripping circuit breakers. The oscillo- 
grams show plainly why this was so. 

To many who have not experimented with this class of motor 
it will appear surprising that Mr. Newbury was able to pull 
loads practically equal to full load into svnchronism. However, 
this is quite possible, although the large current required to do 
it must not be lost sight of, and in many cases this would pre- 
clude the use of the synchronous motor on such large starting 
load, unless of moderate size or operated on large systems where 
the current at starting was not objectionable. Fortunately, 
however, in many of the largest applications it 1s possible to 
reduce the pull-in torque required to a fraction of full load so 
that the starting current can be kept down. For example, air 
compressors can be unloaded, and centrifugal pumps can often 
be started with the discharge valve closed. Manv of the early 
self-starting motors were made from parts originally designed 
for alternators, and did not give the best starting performance 
possible; but with careful design along the well-established lines 
of squirrel cage induction motors, starting pertormances com- 
paring favorablv with the induction motor can bc obtained. 

Mr. Newburv's paper deals with motors of the salient pole 
type and it may be of interest to mention some tests rccently 
made on a small turbo-generator run as a three-phase self-start- 
ing motor. There has been, at least among some engineers, 
the opinion that the pulling in effect 1s due partly to the fact 
that the poles are sharply defined, and that a machine having 
a cynlindrical rotor without projecting poles and with a dis- 
tributed field winding would be deficient in pull-in torque. 
Some tests were made with a small 125-kv-a., 2300-volt, 31.2- 
ampere, 3600-rev.per. min. turbo-generator having a smooth 
cylindrical rotor, with 36 slots uniformly spaced around the cir- 
cumference. The retaining wedges for the coils were of brass 
and made connections at cach end with bronze end bells, thus 
forming a uniformly distributed squirrel-cave. 

It was found that with the field circuit open, this machine 
started with 280 volts applied to the stator and came up to speed 
in 54 seconds while drawing a current of 67.8 amperes. That 
is, the motor started on approximately 123 per cent voltage and 
2.2 times full load current. The power factor at starting was 
between 45 and 50 per cent. With the field short-circuited, 
there was very little difference in the starting performance. the 
voltage and current being practically the same as before. Tests 
were also made with various resistances ranging from 0.9 ohm 
to 22.4 ohms in the field, but there was very little change notice- 
able in the starting performance. 

Some tests were also made to determine the load that could 
be pulled in. With 1130 volts (about 1 voltage) applied to 
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stator and with a field current of 19 amperes, it was possible to 
pull in a load of 32 kw. or about 253 per cent of the rated output. 
The stator current Just before synchronizing was 40 amperes or 
1.28 times full load. Since the torque may be taken as approx- 
imatelv proportional to the square of the applied voltage, it is 
seen that this machine would probably pull in nearly full load if 
thrown over to full voltage. "This was not tried in these tests 
on account of the loading arrangements not being suitable, but 
it 1s evident that the round rotor motor can pull in loads com- 
parable with those handled by the salient pole machine. 

H. M. Hobart: I share Mr. Williamson’s views, and I am 
hoping that Mr. Newbury’s paper will rather stir things up and 
make people take a little new courage in approaching the subject 
of the design of synchronous motors. It has gotten in to а ter- 
rible rut, it seems to me. This 15 partly due to the cause to which 
Mr. Williamson alluded. Matters have drifted into having the 
design of synchronous motors handled by the same departments 
that handle slow speed alternating-current generators. Any 
proposition to consider the design of synchronous motors along 
the lines of the design of induction motors has always been 
handicapped by the necessity of a change of hands, as to who 
should design it, and bring about the evolution of the synchron- 
ous motor into a decent machine. It is at present an absurd 
caricature of what it might be and the tantalizing part of it is 
that there are several perfectly serviceable methods ready and 
waiting to be used, but vou cannot get anybody to look at these 
methods, or incorporate them in their designs, simply because 
they are following the old cut-and-dried methods, and everybody 
turns a deaf ear to any propositions for improvement. 

Mr. Williamson alluded to some very interesting departures 
which he has had in hand and which it seems to me should offer 
much promise, but there are also other methods which would 
also serve to render the synchronous motor an admirable machine 
and make of it a machine which could be more widely used, for 
the reason that it will tend to decrease the price at which power 
can be provided to the consumer, in many cases, because you 
can run your synchronous motor with a leading power factor. 
That is a very important point indeed. 

I believe that the ‘synchronous motor can be used to great 
advantage on much smaller sizes than has heretofore been con- 
sidered desirable, in sizes which will lap over into the field that 
has been generally held by common consent to belong to the in- 
duction motor. If only the synchronous motor could be de- 
signed by induction motor designers, working on the lines which 
have enabled them to see just what is needed for these starting 
and running-up conditions, the result would be for the good. 

The induction motor has the fault that if you give it high start- 
ing torque, with the squirrel-cage variety, that will be accom- 
panied by low efficiency and considerable heating. It must 
have high resistance in the squirrel-cage rotor, for the purpose 
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of giving the starting torque required їп manv special cases. 
This 15 an inherent characteristic of the motor. But in the case 
of the synchronous motor vou can, in a sense, leave 1t behind 
when vou synchronize the machine and have a highly-efficient 
and cool-running machine for ordinary running, yet at the 
same time have a high starting torque, so that the synchron- 
ous motor, instead of being inferior 1n regard to its ability to 
have good starting torque characteristics, has an advantage 
over the induction motor in those respects. It ought to be 
associated in our minds as a characteristic of synchronous motors 
that they can be given better starting torque than induction 
motors, whereas we have just the other notion. 

In reading over Mr. Dwight’s paper, far too hurriedly, for so 
excellent a paper, it seems to me the nature of the results, and 
the careful calculations which he made, bring out much more 
strongly than they ever have heretofore been brought out the 
advantages to be derived from this use of synchronous conden- 
sers in connection with long distance transmission. The result 
is that the differences, expressed in percentages, are tremendous 
as regards extending the limitations. Why are we going to 
100,000 and 150,000 volts? Because we have exhausted the 
possibilities of lower voltages in the matter of reaching out over 
wide areas and delivering energy at the limits of the system at 
a price which can compete with local plants. If, as Mr. Dwight’s 
figures appear to show, vou can, with a given voltage, if you 
operate on this principle, extend these limits 50 per cent, so that 
vou can carrv out at 100,000 volts, an undertaking in connec- 
tion with which vou would otherwise have to resort to 150,000 
volts, you have just so far extended the limits, and when you 
are driven up to 150,000 volts, or higher, this further extension 
of the limits 1s still at hand. 

As regards the amount of power transmitted, the distance to 
which it can be transmitted, and the price at which 1t can be 
delivered at a great distance, it would appear from Mr. Dwight's. 
figures that the constant voltage method of working will lead to 
great extensions of the possibilities in connection with the elec- 
trical transmission of energv. It seems to me that the con- 
clusions are very fairly and clearly stated, and that the paper 
is for this reason a very valuable one. 

Lee Hagood: I have been very much interested in Mr. 
Dwight’s paper. It struck me that the most interesting feature 
of it was that he could work out so many results and come to 
such valuable conclusions by such very simple methods. 

A short time ago I was identified with the design of a system in 
which we were laying out a 110,000-volt transmission line, and our 
starting point which had to be settled was: what would be the size 
of our synchronous condensers. "The necessity for this arose be- 
cause our load was chiefly an inductive one, and we could not 
proceed with the design of the svstem until we settled upon the 
difference in voltage between the generating and receiving 
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stations at full load. Until this was settled, we were unable to 
fix the voltages and taps for the transformers and the kv-a. 
ratings to give our generators and transformers. Another point 
of considerable importance was the size of conductor. Аз the 
transmission line was very long, it was important, on account of 
expense, to use as small a conductor as was consistent with good 
engincering. All of these points revolve around the question 
of voltage difference maintained between the generating and 
receiving stations, because the power-factor and efficiencies of 
the line have fixed relations depending upon the kilowatt load 
for a given voltage difference and line constants. The question 
of the size of synchronous condenser is dependent upon this and 
also upon the power factor of the load. 

I note that Mr. Dwight does not take into consideration the 
charging current of the line. I think this can be neglected for 
lines under 60 000 volts, but I think for all long lines above 
this, it should be included. 

(The lantern slides and explanations of them, included in Mr. 
. Hagood's discussion, will notbe reproduced here, as they were 
used in connection with a paper presented before the Los 
Angeles and the San Francisco Sections, entitled. Operation. of 
Transmission Systems. It is published in the December 1913 
PROCEEDINGS.) 

N. E. Funk: Referring to Mr. Parkers paper, I wish to call 
attention to the fact that even though we consider raising the 
power factor from a low value to unity, which is the worst con- 
dition so far as cost is concerned that can be imposed upon a 
svnchronous condenser installation. the cost balance will still 
be on the right side of the ledger as the following table will show. 


Syn. , | Cost per{ Savings 
Load. P. P. of P. F. off motor "Сеп. ca- Cost of Cost of | kw. of | per kw. 
| load Line |capacity. pacity | кеп. motors load of load 
100 %0% | 80% 0 137.5 $10,312.50 О 103.125 
100 805 ! 100%, 60 104.93 | 7,869.75. $600 | 84.69 | $18.435 
129 80% 100% 77.4 137.5 10,312.50 774 85.80 20.00 
129 | 80% 80% o | 182.1 | 13,657.50 0 103.80 


The above table 1s based on a 10 per cent line drop in the first 
instance and the same line used in the other cases. Cost per 
kw., generators = $75, cost per.kw., motors=810. The first two 
lines show the saving in generator capacity by using synchronous 
motors. The last two lines show the increase cost of generators 
required without svnchronous motors to load the generators 
in the first line with synchronous motors. 

Mr. Parker savs: ‘Where the synchronous quadrature 
demand can be made in excess of the lagging quadrature demand 
from induction motors it then becomes desirable to put induct- 
ance in series with the feeder thereby overcoming the drop due 
to the in-phase amperes operating in conjunction with the line 
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resistance.” By doing this the drop is decreased, but at the ex- 
pense of a lower power factor, which will increase the kv-a. capac- 
itv of the generators faster than the decrease in drop decreases 
it. The idea is that where a transmission problem involves the 
use of svnchronous machines to control power factor it is much 
better to favor the generating station as it is the most expensive 
part of the equipment. 

M. T. Crawford: Mr. Dwight states that in commercial 
practice with short lines, constant voltage transmission 1s worth 
while merely on account of the improvement in service. Ina 
system where the average load conditions are found, there are 
alwavs a number of feeders supplying industrial power and rail- 
ways in which a voltage variation of 10 per cent 1s within the 
limits of good service. For the remaining feeders supplving 
light and small power, automatic feeder regulators can be in- 
stalled and operated at a much lower cost than the synchronous 
condenser installation for constant voltage operation. It might 
thus appear that where the lines are fairly short and no marked 
saving can be made bv their increased carrving capacity separate 
automatic regulation might generally be more economical, 
especially as it avoids increasing the amount of apparatus and 
complication of the high-tension system. 

Henry W. Peck: An idea which may be of interest occurs to 
me, viz., that possibly we can use synchronous motor exciting 
apparatus to greater advantage at the distributing end of some 
of our lines than at the generating station end. In Schenectady, 
where we purchase 40-cycle power and transform it to 60-cycle, 
we have several small machines in the generating station which 
we practically never usc, and as soon as I return home I intend 
to look up the matter as to whether or not we can use these motor 
generator sets advantageously as synchronous condensers on 
some of our long feeders. 

One line which I have particularly in mind supplies an amusc- 
ment park about five miles (8 km.) out of the сиу, the Hine being 
about ten miles (16 km.) long. When the park is not being run 
we get reasonably good regulation on the line, but when the park 
is 1n operation we have a good manv complaints regarding our 
service. I believe we could advantageously take some of our 
synchronous generating equipment and make better use for 
it at the end of the line. I realize in making this suggestion 
that the present machine would not be ideal for that service, 
but when you consider the scrap value of such a machine, which 
is all that you could get for it, it means the tying up of very 
little investment for the sake of this regulation. If this idea is 
not practicable and this plan will not applv I will be glad if some 
of the designing engineers will tell me whv 1t will not applv. 

F. C. Caldwell: What is the comparative effectiveness of svn- 
chronous machines, such as synchronous condensers, when run- 
ning at full load, running at half load, and running light? 

F. D. Newbury: I think that Mr. Caldwell’s question can be 
best answered by reference to the familiar right-angle triangle 
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of which one side represents the energy load carried by the motor 
in any particular case; the side at right angles to this, represents 
the leading wattless kv-a. supplied to the supply line; and the 
resultant of these two represents the total kv-a. load on the motor. 
If the energy and wattless loads are equal (and representing the 
total load by 100 per cent), each will be equal to 71 per cent. 
Thus, if these two functions were performed by separate motors, 
the two motors would require a combined capacity of 142 per 
cent. If the ratio of energy load to the total load were smaller— 
sav, 60 per cent—the wattless component would be 80 per cent 
to load the motor up to 100 per cent. Thus 140 per cen: “service” 
is obtained as compared with 142 per cent in the previous ex- 
ample. It will be found that the maximum service will be ob- 
tained from a given motor when the energy and wattless com- 
ponents are equal—in other words, when the energy load 15 71 
per cent cf the total. This, of coursc, is the same as 71 per cent 
power factor. 

Burton McCollum: Mr. Dwight points out in a very effec- 
tive manner some of the advantages that accrue from the use of 
svnchronous condensers in connection with constant voltage 
transmission, particularly the operating advantages, and he also 
cites some rather remarkable economies, particularly where he 
gives some comparative cost data, but I believe that 1n most 
cases these economies are largely apparent only. 

In the second comparison for the 100-mile (160.9-km.) trans- 
mission line he makes a comparison on a 54,000-kw. transmission, 
and reduces the efficiencv of transmission from 95 per cent to 
91 per cent, but by so doing hc 1s able to bring about an economy 
of something like 26 per cent in the initial installation. Now, 
if we figure the monev value of the increased energv loss that 
results using the rather liberal line loss factor of 0.3., (the ratio 
of the avcrage square to the maximum square) and taking one 
half a cent per kw-hr. for the value of the energy, we find it figures 
out at $27,500 a vear as the value of the energy loss which is 
more than 10 per cent of the saving that results in the line con- 
struction. 

A similar statement can be made in regard to the first com- 
parison, although the results are somewhat less marked. This 
statement would of course apply to a steam plant transmission 
line rather than a water power transmission. In the case of the 
water power plant the value of the energy lost would be less, but 
the line loss factor would usually be larger which would partly ` 
offset the lower value of power. 

I do not want to detract 1n any way from the importance of 
the paper bv Mr. Dwight, because I regard it as an important 
development in engincering, but I feel that the advantages that 
are to be looked for arc for the most part advantages in improved 
operating conditions rather than in increased economies. 

H. B. Dwight: Mr. Parker's paper on the application of syn- 
chronous motors in the distribution of power in cities, shows 
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that this type of apparatus produces desirable economies and 
improvements in operating conditions in this class of work. 
Аз he points out, the supply company is benefited rather than 
the customers, and accordingly the latter must be compensated 
for installing the more expensive synchronous machines. He 
suggests making compensation by charging for the kilovolt- 
amperes supplied, thus influencing each customer to operate at 
all times as closely as possible to 100 per cent power factor. 

Although it is evident that compensation must be made to 
secure the installation of synchronous motors, there аге two 
objections to the above method of charging for electric power, 
namely, that the kilovolt-amperes are very difficult to meter 
and that this method does not secure the best possible benefits 
from the synchronous motors according to the real needs of the 
supply company. The benefits may be of two kinds; first, 
reducing the kv-a. load on the generators. and second, reducing 
the cost of feeders by improving the voltage regulation. For 
the first, the synchronous motors should operate as strongly 
leading as possible at all times, but for reducing the necessary 
cost of feeders, which is often comparable to the cost of generators 
and which is also often increased bv poor voltage regula- 
tion, adjustment of the synchronous motors is necessarv. This 
is well accomplished by automatic regulators, as mentioned in 
Mr. Parker's paper. The saving in cost of fecders can also be 
made by installing a high-voltage transformer. Neither of 
these methods of operating the motors corresponds to keeping 
the customer's power factor at 100 per cent. It is accordingly 
better not to charge for the kilovolt*amperes, but to charge for 
the kilowatts, as usual, and to have a separate provision in the 
contract giving a bonus to the customer for operation of the 
motors either according to instructions from the company, or by 
automatic regulators. 

Regarding the paper on constant-voltage transmission, Mr. 
Newbury, I believe, mentioned that for railway work the fre- 
quency of 60 cycles is being used to an increasing extent. This 
is true where alternating current is used to supply direct cur- 
rent ratiways, since the 60-cycle rotary converter 15 now becoming 
more popular. But for single-phase and three-phase railwavs, 

` the frequency of 25 cycles is used, owing to the characteristics 
of the motors. 

The same speaker asked if allowance had been made for the 
ten per cent difference in the power factor of the generators in 
the 200-mile (321.8-km.) line. The item was not written down 
in the comparison as it would amount to only about $20,000. 
À more important item is the cost of energy for extra line losses 
with the constant-voltage system, as mentioned by Mr. McCol- 
lum. For a water-power plant, this item is equal to the cost 
of machinery to supply the extra losses at peak load. At $50 
perkw.thisamounts to about $200,000 for the 100-mile (160.9 km.) 
line which Mr. McCollum took up. Against this item, there 
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must be taken into account the two other items not put into the 
table because of their indefiniteness. These are the saving in 
the cost of land and the value of the improvement in service, 
and they balance fairly well the cost of power for extra losses. 
The purpose of the cost comparisons in the paper is to point out 
that for almost any installation it is worth while figuring up costs 
to see if svnchronous condensers are not profitable. 

The curves shown by Mr. Hagood were very interesting and 
I have just one small matter to bring out regarding them. The 
capacity of the synchronous condensers was plotted alwavs as 
a straight line. You will notice in the chart, Fig. 5, of the con- 
stant-voltage paper, that the capacity of synchronous conden- 
sers required is a curved line, and its curvature puts a theorctical 
limit on the amount of power which can be sent over a trans- 
mission line. [n the case considered of the 200-mile (321.8-km.) 
hne, the limit is only about 25 per cent more than the amount 
of power assumed for full load. The curvature of that line is 
evidently worth figuring up in long distance work. It is a 
rather peculiar effect that there 1s this theorctical limit to the 
powcr capacitv of a transmission linc of a certain voltage. which 
cannot be overcome bv synchronous condensers nor anything else. 

Lee Hagood: I cannot prove these curves mathematically, 
but I have tried a number of them and found them all straight 
lines. 

H. B. Dwight: I have no doubt that the points vou have 
plotted, as vou say, are correct, and as far as you have gone along 
the line, it is practically straight. But the indication in plotting 
a straight line is that unlimited power could be transmitted over 
the line if enough synchronous motors were added. The limit, 
however, is struck verv soon bv this theoretical consideration 
which will show up if vou trv to put 50 per cent more power over 
the transmission line. You would run into the limit with vour 
calculations in the same wav. 

Lee Hagood: I do not agree with vou. 

J. C. Lincoln: I inquire of Mr. Newbury what the starting 
torque is when svnchronizing on the three types of rotors shown 
on page 1266. The curve is interesting, and it appears that the 
starting torque of the rotor with the brass damper windings 1s 
at rather high resistance, which is much greater at any particular 
voltage than in the case of the starting torque at low resistance. 
and my question is, which is the type of rotor that will comein 
synchronism with the least amount of current? Is it the brass 
rotor or the low-resistance copper rotor? 

F. D. Newbury: To answer Mr. Lincoln’s question first; 
there are two entirely distinct actions to be considered—two 
entirely different sets of characteristics. The copper damper 
winding which shows the lowest torque at starting will of course 
have the lowest torque as long as the motor 1s operating as an 
induction motor. The torque at which a given motor will pull 
into synchronism depends on the torque that results in a certain 


1913] _ DISCUSSION AT COOPERSTOWN 75 


slip. There is a limiting slip, that may be one per cent or two 
per cent beyond which the motor is incapable of pulling over 
from the highest induction motor speed into the true svnchron- 
ous speed. "Therefore the torque, that a given motor will pull 
in, will depend on the torque that can be pulled by the motor 
with a given slip. "Therefore, the motor with the lowest resist- 
ance damper winding will carry the most load with this limit- 
ing slip, and consequently will pull into synchronism with the 
largest load. On the other hand the high resistance winding 
will develop the largest torque at the lowest speeds as in any 
induction motor. 

Т. C. Lincoln: If there was contained in the paper a complete 
speed-torque curve, would the torque of the lower resistance 
copper-wound rotor be greater or less at speeds just under syn- 
chronism than the torque of the higher resistance brass wound 
rotor? It is very evident from the curve shown in Fig. 9 that 
at low speeds the brass wound rotors have a very much higher 
torque than the low resistance copper wound rotors. It would 
seem to me that at the higher speeds, just under synchronism, 
that the lower resistance copper wound rotor would have a higher 
torque than the higher resistance brass wound rotor, and there- 
fore that a synchronous motor provided with a lower resistance 
copper wound rotor would pull into synchronism a larger load 
than the high resistance brass-wound rotor. I would like to ask 
the author of the paper if that is the case. 

F. D. Newbury: The torque of the iow-resistance rotor would 
be greatest at the highest speed at which the motor operates as 
an induction motor and will pull into synchronous speed. 

J. C. Lincoln: That would amount to the same thing. 

F. D. Newbury: Mr. Williamson spoke of the paper on the 
synchronous motor which was presented at the Pittsburgh meet- 
ing at the Institute last year. The admirable paper by Mr. 
Fechheimer was the starting-point of my own paper, since at 
that meeting the discussion was not at all favorable to starting 
with the field circuit closed. It may not indicate any change 
in the opinion of the members present, but simply indicate a 
change in audience, that the sentiment expressed at this meeting 
has been in the opposite direction. 

As Mr. Williamson pointed out, I think the tests show that two 
starting voltages are not necessary, but I would qualify that in 
this way—that they are not necessary provided proper adjust- 
ments are made, but proper adjustments always mean careful 
and skilful attention, so that the two starting taps are used and 
are justified for the larger motors, where the consequences of 
wrong operation would be quite serious. 

Mr. Hobart has regretted the lack of attention that has been 
given to the wound-rotor distributed tvpe of svnchronous motor. 
I think that it is more a lack of results than lack of attention and 
the reason for the lack of results is more fundamental than a 
difference of engincering department organization as Mr. Hobart 
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suggested. The real reason is brought out by the difference 
in the magnetizing current required by a well-designed induction 
motor and well-designed synchronous motor. In an induction 
motor the magnetizing current is roughly 30 to 40 per cent of the 
armature current. In the synchronous motor the magnetizing 
ampere turns should be at least one and a half to two times the 
armature ampcre turns. In order to obtain the necessary excit- 
ing ampere turns on a wound rotor svnchronous motor a much 
larger rotor is required than for the salient pole type of synchron- 
ous motor or the round rotor type of induction motor. There 
is a good engineering reason therefore, for the practically 
exclusive use of the salient pole type. The same conclusion is 
reached by a comparison of the weights and costs of salient pole 
and round rotor types of alternators. I think it 15 well known 
that the round rotor type of alternator ordinarily used for turbo- 
gencrators means a larger machine and a more expensive machine 
than the salient pole type and the round rotor type is used because 
it is the only tvpe sufficiently strong mechanically. The same 
point was well borne out by comparisons recently made on some 
10,000-kilovolt-ampere, 600-rev. per min. water wheel generators, 
where the cost of the salient pole type was found to be approx- 
imately 50 per cent less than the round rotor type. 

M. O. Dell Plain: I believe that the possible advantage to 
be gained by the average central station through a general use 
of synchronous motors instead of induction motors on their lines 
is largelv offset by the greatly increased number of motor trouble 
complaints. 

The advantage to be gained by the consumer is a very material 
one in cases where the central station penalizes a low power factor. 
This advantage, however, is also offset if the current charge is 
based directly on the demand. In such cases the present lack 
of a suitable demand meter results in considering the highest 
phase ky-a. reading as being the actual demand, and an un- 
balanced load being the usual condition, the synchronous poly- 
phase load does not produce its fullest effect in lowering the act- 
ual charge. 

The development of a reliable and inexpensive kilovolt-ampere 
demand meter would probably eliminate this objection. 

Henry W. Peck: I have made a memorandum of two or three 
points which I will answer. The quality of the service is often- . 
times more important than a very slight advantage in maintain- 
ing unity power factor at the station. It is not for the sake of 
the power factor primarilv, that Mr. Parker suggests the use of 
synchronous condensers, but to maintain the service which we 
are giving to our customers. 

Another suggestion was made that the svnchronous condenser 
was in competition with the high-tension transformer. An 
operating man does not like to see his svstem separated into 
different voltages, 2300 volts on one part, 6600 volts on an- 
other part, and 13,000 volts on another part. From the opera- 
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ting point of view it is much simpler to have the synchronous 
condenser than to step up certain portions of the line and have 
a great variety of transformers which you must carry in stock 
so as to be able to supply your customers with these transformers 
when they want them. 

Referring to Mr. Dell Plain's remarks, it is manifestly 1mpos- 
sible to put a synchronous motor in every and any installation. 
regardless of the character of the plant and the man who 1s run- 
nngit. Inthe case cited by Mr. Parker where they use the syn- 
chronous motors for pumping, refrigerating plants and similar 
purposes, they have ope rating men who are certainly of as high 
a class as any men we have in our own stations and who can be 
trained to operate the synchronous motors satisfactorily. 

We must consider the economy of such an installation from 
the point of view of both the customer and the company. The 
customer must decide if the saving, due to the lower rate for 
power, is sufficient to warrant him in installing these appliances 
in his power plant, granting that they are not quite as simple 
and convenicnt as the induction motor. The company must 
decide if the saving and improved service incident to the instal- 
lation of these apphances are worth the expense represented by 
the decreased rate for power and by the assumption of such part 
of the first cost of the machine as is represented by the excess 
capacity required to handle the wattless load. 

As regards metering the kilovolt-amperes, I know that it has 
been done in one installation which was put in under Mr. Parker's 
direction, using two meters, a graphic voltmeter and a graphic 
ammeter. The installation in which this meter was placed was 
of 600-h.p. capacity, and the cost of these meters, while pro- 
hibitive on smaller installations, was by no means prohibitive 
for one of such large size. If the phase voltages were perfectly 
balanced there would be no difference in the current in the 
different legs. Measurements were taken at this installation and 
it was found that the difference іп voltage and current in the 
different legs was negligible. 

N. E. Funk: I did not mean to leave the impression that 
poor service was to be furnished so that the power station might 
enjoy the benefits of a high power factor, by any means. What 
I meant to convey was, that it was the best policy to attempt 
to get unity power factor rather than leading power factor which 
is as bad 1n so far as generator capacity is concerned as a lag- 
ging power factor. In following out this manner of design it is 
not necessary for the voltage at the receiving end of the line to 
vary any more than if the voltage were the same at both ends. 
There are various means of correcting voltage beside that of 
synchronous condensers, and if it is not possible to favor the 
generating station and get the proper voltage at the receiver 
this receiver voltage may be corrected by, sav induction regulators 
and the synchronous motors used to annul the lagging component 
of the load. The thing I had in mind most particularly was tne 
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fact that it was better policv, on account of favoring the genera- 
ting station and apparatus, which is the most expensive part of 
the system, to strive toward obtaining unity power factor on 
the generating station rather than calculating the line for a given 
voltage at the receiving end and allowing the power factor at 
the generating station to come what it may. . 

C. P. Steinmetz: The two papers on synchronoüs motors 
are verv interesting to me, as thev give much additional infor- 
mation regarding the usefulness of the svnchronous motor as an 
element. of the electrical system, particularly Mr. Newbury's 
paper with regard to the starting characteristics of the svnchron- 
ous motor. Synchronous motors, synchronous converters, and 
synchronous condensers have now been used extensively for 
over 20 years, and their use is very rapidly increasing. Most of 
these machines are self-starting, starting from rest with their 
own power, but still I believe there are a few engineers who 
doubt the self-starting characteristics of the synchronous motor 
and consider this as the main disadvantage of the synchronous 
motor. 

The fact is, as brought out by these papers, that the modern 
synchronous motor, and also its prototypes, are very well able 
to start from rest and run up to speed and carry considerable 
load up to speed. They, indeed, take a large current in starting 
and during acccleration, about as much as the large high efficient 
induction motors. The induction motor has never been ques- 
tioned as to jts ability in starting; but the synchronous motor 
is fully as well self-starting. and sometimes it takes more current 
and sometimes less current than the squirrel-cage induction 
motor, as, indeed, it is an induction motor. It differs in these 
starting characteristics from the standpoint of the well- 
known squirrel-cage induction motor of large size only in the 
proportioning of the parts. The starting characteristics of the 
induction motors, have been limited by the proportioning of the 
parts required for getting efficient running, mainly the purpose 
of getting high efficiency, high power factor, or low exciting 
current. 

These limitations are not questioned in the induction motor 
characteristics of the synchronous motor, because the synchron- 
ous motor 1s not expected to operate at speed as an induction 
motor. Therefore, whatever power factor and cfficiency it 
might have when running at speed as induction motor is entirely 
immaterial, and therefore in proportioning the induction motor 
parts of the synchronous motor we are more unrestricted, in 
choosing those proportions which are capable of giving good 
starting characteristics, than we are in the large induction motor. 
That means in many cases it 1s possible to give to the synchron- 
ous motor better starting characteristics than to a large squirrel- 
cage induction motor. I pointed out some of these things in a 
previous discussion, for instance, that in the synchronous motor 
we may have, considering it as an induction motor, an exciting 
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current of 100 per cent or more without its having any detrimen- 
tal effect. In the induction motor. obviously such an exciting 
current would make it commercially inoperative, the reason 
being, at that time, under the conditions where the synchronous 
motor acts as an induction motor in starting, the energy current 
for acceleration is so large and the impedance current 15 so large 
that the exciting current doesnot cut апу figures. It is negli- 
gible, no matter how much it would be in percentage compared 
with full load current. 

The main differences in the proportioning of the induction 
motor part of the synchronous motor compared with the induction 
motor are three. First, the synchronous motor does not have 
uniform magnetic reluctance in all directions of the rotor, it is 
minimum in the direction of the ficld poles, and maximum at 
right angles thereto while the induction motor has uniform 
reluctance all around. This is a disadvantage in regard to the 
starting of the synchronous motor as an induction motor, since 
it tends to: a lack of uniformity of the torque with the relative 
position, and thereby also tends to low torque points, that is 
to a tendency of sticking, as it 1s called, at intermediate speeds, 
more particularly at half synchronism. Second, the synchron- 
ous motor has a very large air gap compared to the air gap used 
in the induction motor. The induction motor, to get good power 
factor, low exciting current, must have as small air gap as 
mechanical construction permits. Im the case of the svnchron- 
ous motor the power factor and the running on light current do 
not depend on the length of the air рар. Therefore the air gap, 
in the case of the svnchronous motor. is chosen in accordance 


with very conservative mechanical and other considerations. 


The large air gap has an advantage in starting in so far as it 
tends to give a uniformity of torque. Third, the secondary 
winding of the svnchronous motor, compared with that of the 
induction motor, is of much higher resistance. which again is an 
advantage in starting. so you sec of the three main character- 
istic differences in the proportioning of the induction motor part 
of the synchronous motor one 1s against but the other two are 
in favor of high-starting torque and the result 1s that the svn- 
chronoüs motor really starts better than a large high efficiency 
squirrel-cage induction motor. 

The oscillograms shown 1n Mr. Newburv's paper arc extremely 
interesting in giving the starting characteristics, but from these 
oscillograms you can sec there are many other things which the 
limitation of space did not allow Mr. Newburv to show. Ií vou 
look at them you see this more particularly. in the case of the 
oscillograms of a current, the amplitude of the current, the 
periodic rise and fall. You sce the meaning of that-—-1t is 
due to the varying magnetic reluctance with the position; maxi- 
mum current corresponds to maximum reluctance, minimum 
current to minimum reluctance. Hence the distance from 
current maximum to current maximum corresponds to the dis- 
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tance movcd by the rotor from one maximum reluctance point 
to another maximum reluctance point, which means the distance 
of half a field pole or multiples thereof, or the slip of half a field 
pole or multiples thereof. That means the space moved through 
but the frequency of the oscillograms gives the time, and there- 
fore vou see from.these oscillograms that you can get, from the 
distance moved by the rotor and the time of motion, the speed- 
time curve during acceleration, and from the speed-time curve 
vou get the acceleration-time curve, and therefore since acceler- 
ation gives vou the torque, relatively, or when considering the 
momentum of the moving mass, then absolutely, you get the 
torque-speed curve. That means a variation of the torque of 
the machine from standstill up to synchronism. All the charac- 
teristic curves of motion vou get from these oscillograms, curves 
which in the induction motor are difficult to get, because in 
the induction motor the speed range near maximum torque, 
is unstable, and characteristics of that range can be derived 
mainlv by connecting the motor with a generator which feeds 
a direct current motor connected to constant speed shafting 
and varving the field. excitation. of the motor which checks 
the output. This is well known and has many times been de- 
scribed, and in this wav vou can hold the induction motor at 
any point of speed, stable or unstable. above or below synchron- 
ism, and vou can get the complete torque characteristics. The 
oscillograms of the synchronous motor permit vou to arrive at 
a very definite understanding of the speed-torque character- 
istics, which in the induction motor you might get, possibly, 
an exploring winding on the squirrel-cage. 

Looking at these oscillograms, you see a number of character- 
istics which are incidentally mentioned. If you take curve, 
Fig. 2, at the end of the first oscillogram, you sce a number of 
waves with a high and low amplitude alternating for a consider- 
able number of periods there. Apparently the speed was prac- 
tically constant, which meant a low torque point there, where 
the motor accelerated slowly, because after a considerable num- 
ber of cycles there was no acceleration or little acceleration. 
That apparentlv corresponds to one-quarter svnchronous speed, 
and later on at about two-thirds the distance of the second curve 
from the bottom of the page, there was a very large number of 
cvcles where the amplitude is constant, where the machine 
moved from maximum reluctance point to maximum reluctance 
point, during one cycle or during half a cycle. During half a 
cvcle it progressed half a ficld pole. That apparently is half 
svnchronous speed where it tends to drop off a little. The next 
curve 15 still exaggerated, but much less prominent at the three- 
quarter synchronous point, so that if you would construct from 
the oscillogram the speed-torque characteristic, you would 
probably be required to introduce a considerable drop in the tor- 
que at half svnchronism a moderate drop of torque at one- 
quarter synchronism, and a further moderate drop of torque at 
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three-quarters synchronism. This is at the low voltage starting. 
At higher voltage starting that phenomenon is not so marked, 
but these oscillograms allow you to study the acceleration curve 
of the synchronous motor much more closely and control it much 
better than in the case of thc induction motors, where it is more 
difficult to determine all these characteristics of intermediate 
speed. We thus see that, as an engineering problem, when it 
Is necessary to provide high efficiency svnchronous motors with 
good starting characteristics. what we have really is a much 
more simple problem than in the case of the high efficiency 
induction motor. and in mv opinion the large synchronous motor 
is really one of the most important, and most useful elements 
of the electric system, more so than the induction motor, be- 
cause instcad of spoiling the power factor it may be made to 
improve the power factor, and instead of interfering with 
the regulation, making the voltage vary more with the change 
of load, it controls, or permits the control of the voltage, or acts 
automatically without any control, by establishing a fixed volt- 
age point due to its excitation. The synchronous motor tends 
to hold the voltage more nearly constant than the non-inductive 
load. Many engineers do not yet realize the usefulness and value 
of a synchronous machine as an clement in the electrical svstem, 
and therefore I very much appreciate these papers, since they 
give additional information and undoubtedly will tend to give 
the synchronous motor a still wider application than it has to- 
day. The synchronous motor will naturally include the syn- 
chronous converter and the synchronous condenser. 

W. L. Merrill: I desire to ask Dr. Steinmetz a question in 
connection with his discussion on synchronous motors, and that 
is, why he compared the large synchronous condensers or syn- 
chronous motors with squirrel-cage induction motors. It has 
been my experience in such applications where the question has 
arisen as to whether synchronous motors or induction motors 
should be used the squirrel cage motor would not even be con- 
sidered; and it has been the custom always to supply wound 
rotor collector-ring type of motors in the majority of cases where 
practically any starting requirements were to be met. In some 
cases, however, where synchronous motors have been installed 
to do the work that is successfully being done by wound rotor 
motors, the operation of the synchronous motors compares 
favorably with the operation of a fuse after it is blown. I see 
no reason for comparing the synchronous motor with the squirrel 
cage induction motor for ordinary industrial applications. 

R. B. Williamson: In regard to the point brought up by 
Mr. Newbury about the wound-rotor type of motor, my idea was 
not to recommend that type of motor in preference to the salient 
pole type. "The experiment was tried simply to find out if that 
sort of motor could be started up equallv well. Motors of this 
type might occasionally be used for high speed work. For 
ordinary service at moderate speeds they would have no material 
advantage and would be larger for a given output. 
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F. D. Newbury: I wish to thank Dr. Steinmetz for his con- 
tribution to the discussion, particularly, because his discussion 
brought out a number of points I hoped would be brought out; 
and I am free to confess that they were not included in the paper 
for other reasons than lack of space and time, as Dr. Steinmetz 
was kind enough to suggest. 

There is one point in particular I have not been able to under- 
stand myself; possibly Dr. Steinmetz can explain it either now 
or after he has studied the matter a little. Figs. 28 and 29 show 
exactly the same conditions but there is a very marked differ- 
ence in the amplitude of the armature current and field current 
changes. 

C. P. Steinmetz: I wish to think the matter over a little more 
and cannot give an answer now but in regard to the former 
question, as to whv I compared the synchronous motor with the 
squirrel-caye induction motor, the reason was that, when the 
synchronous motor starts, it starts as a squirrel-cage induction 
motor, since it is provided with a squirrel-cage, so we would 
naturally compare that with the squirrel-cage induction motor. 

We all realize that there are very many motor applications 
where we need frequent starting at heavy torque and whcre we, 
therefore use the collector-ring induction motor. These appli- 
cations naturally would not, as a rule, be met by the svnchronous 
motor but in the majority of cases the squirrel-cage induction 
motor is used and therefore I compared that motor with the 
svnchronous motor. It does not mean that we can use a syn- 
chronous motor in every place. The induction motor with 
collector rings and rheostat armature control has its legitimate 
and very important field. We may sav that since the svnchron- 
ous motor starts as an induction motor instead of providing a 
squirrel-cage. a regular winding could be used with a rheostat 
and improve the starting of the svnchronous motor and such was 
the point I madc. К 

І remember the first big synchronous motor with which I had 
anything to do, that was in 1893, somewhere on the Pacific 
coast. The motor is still running. It had a three-phase pole 
face winding, each winding brought out to a switch, in which a 
rheostat was connected for starting, but that has never been 
done since, because there was no need for this complication; and 
in all the conditions where the synchronous motor was used it 
was considered alright to start as a high resistance squirrel-cage 
motor. That might possibly be done in the case of the syn- 
chronous motor bv giving it collector rings and the wire wound 
induction motor winding. The objection to that is it means 
a winding which is used onlv in starting. not 1n running, and that 
is a complication. If the winding is simple, as in the case of 
the squirrel-cage motor, which incidentally acts as an amortis- 
secur winding,—a damper winding when running at synchronism, 
—then it is favorable, but it is hardly justifiable in most cases, 
to go to the complication of an external rheostat, but rather to 
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use an induction motor with collector rings and rheostat, except 
in those cases, which mav occur, where the svnchronous motor is 
decidedly preferable. I do not recall any cases like this. 

J. C. Lincoln: I would like to ask what is Mr. Newburv's 
experience with reference to the call for high-stariing torque at 
low speeds and high-starting torque at near synchronous speeds. 
It happens mv experience has been only where we had trouble 
when it was duc to the fact that we had to have pretty high speeds 
near synchronism, but judging from the paper, and from the 
curves which are verv instructive, I would infer Мт. Newburv's 
experience has been in cases where high torque was required in 
starting, and I ask what his experience is as to the ordinary re- 
quirements of starting torque, whether a high starting. torque 
is required at starting or near svnchronous speed? 

F. D. Newbury: Whether the required starting torque 1s 
greatest at standstill or svnchronous speed depends on the appli- 
cation. The majority of svnchronous motors is used in motor 
generator sets where the largest torque is required at standstill. 
This тау be considerable, as much as 50 per cent, in some 
cases, of full load torque. In the case of pumps and fans and 
air compressors, the highest torque is usually required near syn- 
chronous speed. In the case of fans it is very hard to shut off 
the air supply sufficiently so that the torque at full speed is not 
very near the full load torque of the motor. Inthe case of pumps 
where a by-pass can be used, the torque at synchronous speed 
is considerably reduced. In the case of air compressors, the 
bulk of the trouble has been at pull-in, and I imagine the ab- 
sence of trouble in many cases has been due to the fact that the 
motor was pulled in on full voltage and not starting voltage. 
Probably the bulk of the synchronous motors have been used 
for motor generators sets, where the starting torque 1s the great- 
est, so that quantitatively the bulk of the trouble has been at 
standstill. 

J. C. Lincoln: With a motor-gencrator set, would you use 
a low-resistance winding on the motor? 

F. D. Newbury: Not necessarily. Many and perhaps the 
majority are now built with the brass or high-resistance squirrel- 
cage windings, illustrating the point Mr. IIobart and Dr. Stein- 
metz made, that it is possible to obtain the good starting perform- 
ance of the high resistance secondary with the synchronous 
motor while it is not possible with the squirrel-cage induction 
motor. With steam or watcr—driven generators now generally 
usedthereis little necessity for low resistance amortisseur windings 
for prevention of hunting. 

H. H. Dewey: Mr. Newbury implied that in the case of 
large, slow-speed synchronous motors, having a large number of 
poles, it is a difficult matter to obtain high torque during svn- 
chronism. Do I understand that it is harder to obtain it with 
a machine of this kind than with a high speed machine having a 
smaller number of poles, and if so, to what does he attribute 
the difference? 
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F. D. Newbury: It is decidedly more difficult to get high 
starting torque at pull in, as expressed in percentage of motor 
output, with the larger number of poles, and in the case of slow 
motors for air compressors the figure which has been more or 
less standardized by the compressor manufacturer's require- 
ments, and also by tests, 1s about 15 per cent; that is, the motors 
will devclop 15 per cent of their normal torque at synchronous 
speed. I have one installation in mind where they would just 
pull їп, and the tests on the test floor show just about 15 
per cent pull in torque. With slow-speed, two,—four—and six- 
pole motors, used for fans, it is not difficult to pull in at prac- 
tically full load torque, if you disregard the starting torque and 
current. The reason for this difference is rather intimately 
connected with the proportions of the two machines. 

H. M. Hobart: Fora long time salient stator poles were used 
for very high speed generators, but now I think there is a fairly - 
universal agreement that the windings should be distributed, 
although it is only comparatively recently that there was any 
general agreement on that point. Previously the salient pole 
was strongly advocated for even very high speeds. I feel that 
there should be a closer analysis of the differenees in the con- 
struction and of the respective ficlds of usefulness of synchronous 
motors and induction motors. If the synchronous motor is to 
be developed on progressive lines the work must be entrusted 
to those who are accustomed to induction motor design. 

J. H. Wilson: The question has been brought up of the pull- 
ing-in effect with a high resistance motor. I may mention two 
cases I had recently to do with, where a 2400-h.p. synchronous 
motor was connected to some grinding stones for grinding pulp. 
The grinder in question was of a comparatively new type, where 
the wood is piled in the hopper, twelve cords of wood pressing 
on the stones at all times. This particular motor had a high 
resistance it had a squirrel-cage winding. I have no way of 
finding out what the pull-in torque was. but it must have been 
considerable, because there was always a large amount of wood 
pressing down on the stone, each stone taking about 1200 h.p. 
That motor would start up on 1? to 2 per cent full load current 
on half the line voltage, and seemed to pull into step without 
trouble, so that the high resistance winding at or near synchron- 
ism must have given fairly high torque. 

C. P. Steinmetz: Regarding the pull-in torque, I wish to 
draw attention to the necessity of some further study of this 
matter. The phenomenon in the synchronous motor pulling 
in to synchronism is not fully realized by all engineers. It is 
really not so much a question of the load which is to be pulled in 
but a question of momentum. A synchronous motor тау have 
difficulty in pulling into synchronism while accelerating without 
any load, while it may pull in nicely without any difficulty at 
full load, because when pulling in it means 1t has to jump from 
the slip given by the induction motor into synchronism, and in 
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that very short period it has to accelerate the momentum. The 
acceleration of the momentum is usually very much poorer than 
the actual load, so that you will find, when studving the pulling 
in of a synchronous motor, especially a high-speed motor con- 
nected to high-momentum apparatus, that the question of load 
or low load makes practically no difference, or very little differ- 
ence. What we have to consider in the pulling-in characteristic 
of the synchronous motor is the momentum which has to be 
pulled into step, much more than the actual drag or torque. 

F. D. Newbury: I do not wish to leave the discussion of 
round type versus salient tvpe motors where it stands. "There 
is not as much difference between Mr. Williamson and myself 
as might appear. I still hold to the point that it is a question 
of cost, and that is a hard question to overcome unless you can 
overcome it in the direction of a reduction of cost. I do not see 
how, from theoretical considerations, you can do that. Maybe 
I am mistaken but I cannot see it. 

There are others, notably Mr. Foster, who have had experience 
along these lines, and I would like to know from him and others, 
whether their experience has been the same as mine; that the 
salient pole tvpe for a given output can be built more cheaply 
than the round rotor tvpe? 

I am entirely in agreement with what Mr. Williamson said 
in regard to the performance of the round rotor tvpe. There 
is nothing against its performance; in fact, it has very decided 
advantages, as Mr. Williamson pointed out; there is uniformity 
of reluctance so that there is a uniformitv of torque in the rotor; 
the starting performance of the phase-wound induction motor 
can be obtained by inserting resistance in the external exciting 
circuit; other decided advantages have led designers to investigate 
it thoroughly. If my conclusions are wrong, I would be glad 
to be corrected. 

Wm. J. Foster: My experience agrees entirely with Mr. 
Newbury. That matter has been investigated in a number of 
cases during my experience of 20 years or more. I think the 
first synchronous motor I had anvthing to do with was built 
with pole faces 85 or 90 per cent of the pole arc, as against the 
ordinary 65 per cent of the yencrator. Much of the investigation 
made along that line, with regard to the design of the synchronous 
motor, 1s based on using stock parts of induction motors, since 
we have the benefit of the cheaper production, due to stock 
parts, and can casily make, the nesessary modifications in the 
rotor, with the increased air gap, etc. It has been my experience 
that we have never been able to work out that tvpe of motor in 
competition with the salient pole in any size in which synchronous 
motors are called for. In verv small motors, it 1s often a profit- 
able thing, because there is not demand enough to warrant the 
development of an entire new salient pole machine. Hence 
the synchronous motor can be best built from standard induction 
motor parts in very small sizes. 
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As to the matter of the characteristics, I am sorry I have 
not exact data on the subject, but as far as my experience goes 
it has been in favor of the round rotor, that 1s, in returns that 
one gets for the input. 

Н. M. Hobart: People are usually willing to pay more for 
a good thing than for a bad thing, if only they can get the good 
thing. 

W. J. Foster: I want to know in what respect it is a good 
thing as compared with the present motor. Why do you call 
one good and the other bad? 

H. M. Hobart: I call it good because it starts with high 
torque and runs rapidly up to synchronism with good torque 
all the way through. These are not characteristics of syn- 
chronous motors as at present designed. 

Wm. J. Foster: I have built and opcrated a number of 
motors of the wound rotor type, but I cannot agree with that 
statement. It 15 a question of how to adjust things with relation 
to the torque, and that is a serious drawback in the synchronous 
motor. It is right there where investigation has been going on 
quite actively in the last two or three years as to how to increase 
the torque. | 

R. B. Williamson: It seems to me the only reason for build- 
ing synchronous motors with round rotors is the same reason 
for which we build generators with round rotors. It is a question 
of speed. To design a motor for, say, 3600 rev. per min. we would 
have to use a mechanical construction the same as for a turbo- 
generator; but for ordinarv speeds where we would use a salient 
pole construction for a generator I should say by all means to 
use it for the synchronous motor. I do not think there are any 
great differences in the characteristics; the only thing I had in 
mind was the question of overcoming the mechanical difficulties 
at high speed. 

W. L. Merrill: The principal point I wanted to bring out by 
asking Mr. Steinmetz the question I did is that the author of 
one of the papers appeared to be advocating loading up the 
central station lines with synchronous motors to the value of 
40 or 60 per cent of their total load. My experience in industrial 
work is that possibly one or two per cent of the industrial 
applications of motors, with the present tvpe of synchronous 
motor which we have, could be handled by synchronous motors, 
and I was afraid from the glowing comparison which Dr. Stein- 
metz made of the synchronous motor and induction motor that 
the impression might be gained that they were interchangeable, 
when as a matter of fact in the sizes which he was discussing 
no one would consider the question of a squirrel-cage motor 
any way. If we could get large synchronous motors, involving 
the characteristics of the form wound induction motors, it 
would not only be possible, but probable, that the central 
stations could go to 40 per cent of the total loads with synchron- 
ous apparatus. 
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Wm. J. Foster: I wish to say in conncction with the point 
brought up by Mr. Hobart that if vou put in an external re- 
sistance with a definite wound rotor, and make use of external 
resistances, you gct excellent results, as far as starting torque 
goes. You can then cut out the external resistance and switch 
the excitation on two phases of the rotor winding, leaving the 
third phase idle, or use one phase against the other two for 
excitation. 

H. M. Hobart: In my first remarks I said there were various 
wavs of improving the motors which were quite available and 
valuable, but that no one wanted to use them, but I did not go 
into the question of what those ways were.  Thev related to this 
question of getting a high torque not only at the moment of start- 
ing, but a high torque right straight through into synchronism. 
I did not feel that it devolved on me to go into the details of 
these methods on this occasion since I have already published 
descriptions* of them. It is an interesting ficld to which 
little attention has been given. These methods will be widely 
used in the future. At present they are opposed in accordance 
with those general principles always acting when new ideas of 
value are first brought to attention. 

C. P. Steinmetz: I do not think I am prepared to discuss 
off-hand the last subject which was brought up. We all realize 
what we have in the synchronous motor is the induction motor 
start, and also in the starting of the squirrel-cago, as squirrel- 
cage that 1s, high resistance in starting and decreasing resistance 
to a very low resistance at running, and that decrease should be 
as simple as possible. 

In regard to the difference between the definite pole rotor 
and the uniform reluctance rotor, the main differences in my 
mind are that the definite pole rotor gives a less uniform start- 
ing torque, and if in starting we must consider the momentum 
torque, the definite pole rotor is inferior in starting, other 
things being the same, than is the uniform reluctance rotor. 
Furthermore, the definite pole rotor shows a drop in torque at 
fractions of synchronism, a certain amount at hali synchronism, 
and less at quarter synchronism, more than the unitorm re- 
luctance rotor, which latter very often does not show a drop in 
the torque curve at all. On the other hand, the definite pole 
rotor drops into step easicr, because it has that additional 
torque, the tendency of the magnetic lock, therefore in dropping 
into synchronism the definite pole rotor has the advantage. 

At the moment of starting, the synchronous motor of today 
has ample torque to start any load which it will carry. However, 
the stopping off at half speed has been a very decided disadvan- 
tage in former times in the synchronous motor, but with the 
introduction of the fairly well distributed squirrel-cage winding, 
even with the winding local only through a wide field pole, 


*Sce pp. 202 to 212 of “Design of Polyphase Generators and Motors” 
by H. M. Hobart. 
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that difficulty has practically vanished, so that as it stands today, 
on the average there is very little to choose between the definite 
pole rotor, and the uniform reluctance rotor. You cannot 
say thev are exactly alike, the one is better in pulling 1n and the 
other 1s better 1n acceleration, but after all, that is a question of 
the nature of the load, and also a question as to how much the 
one advantage or the other is worth under the greater cost of 
the construction, or whether it is not worth anything at all. 
It is really like most engineering problems, an economic question 
between the engineering design and the requirements of service, 
and the cost of the apparatus; but in the last five or ten years 
the advantage in development has been largely in improving 
the starting condition and the fraction synchronous condition, 
that is, reducing and eliminating the disadvantage of the definite 
pole construction, so that today the definite pole construction 
really has practically no disadvantage as a synchronous motor 
over the uniform reluctance type. Today indeed in the svn- 
chronous motor, that field in which there is the least known 
or available in the literature, are the phenomena of pulling 
into step, and as you have heard from Mr. Foster a large amount 
of investigating work is being carried on in this direction, and 
I hope Mr. Foster will bc able, at some of the future meetings, 
to give us some additional information of the phenomena 
occurring in the synchronous motor in that range of speed where 
it is not an induction motor any more, and where it 1s not vet a 
synchronous motor. 

C. J. Fechheimer (by letter): The many oscillograms in 
Mr. Newbury's paper convey to our minds an unusually clear 
picture of the phenomena from standstill to synchronism, of 
the transients produced by the varying reluctance of the 
magnetic circuit due to the projecting poles, and those caused 
by temporary changes when the connections are altered. Inas- 
much as the physical conception of a phenomenon frequently 
is of more importance than the mathematical, especially to 
the engineer or student who does not design the apparatus, the 
graphical oscillograph records are of great value. 

Mr. Newbury states: ' These facts show the desirability of 
starting synchronous motors with the field circuit closed (and 
so eliminating the high voltage from the field winding and the 
switchboard), except in special cases where unusually high 
initial starting torque is required. For such applications a 
high resistance damper winding is necessarv, the benefits of 
which in producing torque would be largely nullified by the 
closed field of circuit. In such special applications, however, 
care must be taken to insure that the insulation of the entire 
field circuit will withstand the resulting voltage." This state- 
ment applies to motors with rotors equipped w vith squirrel cage 
windings and laminated poles. Mr. Newbury has not commented 
at all on synchronous motors with solid poles. We wish to call 
attention to the very desirable effects which can be produced 
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with solid pole rotors in which eddy currents are crowded into 
thin shells toward the surfaces, (the well known skin effect 
phenomenon), wherebv the starting torque is increased, whereas 
the number of inter-linkages of flux with the field turns is 
reduced, with the result that the induced voltage in the field 
coils is lowered. 

We give below some data from actual solid pole machines 
which were available for the tests. From them it will be seen 
that the induced voltage with solid poles is small as compared 
with that obtained with laminated poles in which the squirrel 
cage construction is embodied. Instances of these latter are 
cited in Mr. Newbury's paper. We have taken as a basis of 
comparison the induced voltage with a torque of 30 per cent 
of normal full load torque, this value being as large as is usually 
‘demanded of synchrqnous motors at starting. 


i Rotor volt- 

Rating ' D-C. excit-'age for 30% 
ing voltage! torque 
2000-kv-a. 11000-volt three-phase 50-cycle 600 rev. per min. 125 1690 
180-kv-a. 2300-volt three-phase 60-cycle 150 rev. per min. 125 1790 
350-h. p. 2300-volt three-phase 60-cycle 257 rev. per min. 250 2610 
50-kv-a. 240-volt three-phase 60-cycle1200 rev. per min. 125 1440 
100-kv-a. 240-volt two-phase 60-cycle 257 rev. per min. 125 1230 
150-kv-a. 275-volt three-phase 60-cycle 900rev. per min. 125 427 
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We do not favor short circuiting of the field coils at starting, 
since, for a given starting torque, not only is the line current 
increased thereby, but there is a possibility of the rotor refusing 
to accelerate beyond half speed unless the field circuit is opened. 
As stated by Mr. Newbury, and also in my reply to the dis- 
cussion of my paper on Self-Starting Synchronous | Molors*, 
the rheostat resistance is entirely inadequate in assisting toward 
the reduction of line current for a given torque at the instant of 
starting. Motors with solid rotors have been built successfully 
for a number of years, and so far as we are aware, all of them 
are started with the field circuit open, the induced voltage in no 
case being prohibitive, no disastrous results having come to our 
attention as a result of the induced voltage. 

It is interesting to note that with the solid pole construction, 
the torque is not proportional to the second power of the voltage, 
as is generally assumed, but to a slightly higher power, about 
2.1 to 2.5 Similarly, the other quantities vary in a different 
manner than generally assumed. For example, in a certain 
100-kv-a. solid rotor synchronous motor, the following relations 
were found by plotting results on logarithmic cross section 
paper: 

1. Torque varied as 2.5 power of voltage. 

2. Torque varied as 1.73 power of current. 

3. Current varied as 1.38 power of voltage. 


*PROcEEDINGS A. I. E. E., April 1912; Discussion October 1912. 
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4. Power input varied as 2.53 power of voltage. 

5. Torque varied as 1.05 power of kilovolt-ampere input. 

6. Kilowatt input varied as 1.05 power of kilovolt-ampere 
input. 

7. "Torque varied as the first power of kilowatt input to rotor. 

A comparison of the above relations will reveal their con- 
sisteney. 

We believe that the departures indicated above from what 
would seem to be the most rational laws are due chiefly to the 
increased crowding of eddy currents into the shells of the rotor 
surfaces as the current is increased; thus the reactance of the 
eddy current paths is reduced, the current is proportionately 
increased, the power factor is slightly increased, etc. There are 
advantages in these relations, among them being that they 
result in a not inconsiderable gain in torque for a given increment 
of voltage, especially when the demand for such torque is 
greater than was first anticipated. 

At first thought it may appear that the starting characteristics 
with the solid construction are predicted onlv with great diffi- 
culty due to the uncertainty of the laws which eddy currents 
follow. We would therefore call attention to the method 
given in my paper on this subject, and state at this time that 
we have been using this method for about three vears with 
great success. We have recently modified the method so as to 
include exponents other than generally assumed, such as in- 
dicated above. With these modifications our method is sub- 
stantially the same as previously described. In fact we believe 
that greater accuracy in the prediction of starting character- 
istics can be secured with the solid construction than with the 
laminated squirrel cage construction, there being less uncertain- 
ties in the former than in the latter. 

The above is not intended to be more than a partial com- 
parison of solid and laminated pole squirrel cage rotors. 

It is now generally conceded, that insofar as the current 
taken when breaking loose from rest 1s concerned, the air gap 
should not be made smaller than would be best suited for the 
motor after 1t comes into synchronism and is excited in the 
ordinary manner. I wish to call attention, however, to my 
statement given in reply to the discussion of my paper pre- 
viously referred to: ‘ When operating at synchronous speed 
without direct current excitation the current drawn from the 
line depends almost wholly upon the magnetomotive force 
required to force the flux across the air gap." From this point 
of view it will be seen that the effect of the air gap upon line 
current may be of considerable importance. 

In Fig. 7, Mr. Newbury shows that the current after svn- 
chronism is less than at any time during acceleration. This 
would imply that the air gap is small, since as stated above, 
the air gap reluctance plavs the chief part in the current taken 
after the machine locks into synchronism with no direct-current 
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excitation. In the various speed-torque curves shown in my 
paper, the current after locking into synchronism is somewhat 
greater than just before synchronism is reached. If a svnchron- 
ous motor is designed to give double torque for pull out and is 
intended for unity power factor operation, the air gap will 
generally be of sufficient length to cause the current after 
locking into step to be greater than at about 95 per cent of 
synchronism. On the other hand, if the motor is des‘gned 
with a small air gap and is intended to operate with leading 
power factor for balancing some of the lagging current in а 
system, the air gap тау be so short that the current flowing 
when the motor is in synchronism without anv direct current 
excitation is less than at any point during acceleration. 

Mr. Newburv starts his synchronous motor on fractional 
voltage and excites the fields before throwing over to full voltage. 
He states: “ The armature circuit is momentarily opened by 
throwing from the low voltage to the high voltage and current 
drops to zero during this interval." If the circuit 15 to be opened 
and then closed, his method might be a desirable one in cases 
where stored encrgv in the rotating parts is high, frictional 
torque comparatively small and the mechanical angle between 
adjacent poles comparatively large, such as would be the case, 
for example, with synchronous motor-generator sets. Оп the 
other hand, were the synchronous motor to drive a reciprocating 
air compressor, the motor operating at a small angular velocity, 
the frictional resistance being rather high, the mechanical angle 
between poles small and the stored energy small, the rotor may 
change its phase position appreciably during this transitional 
stage. When full voltage is then applied, there is a possibility 
of setting up rather high mechanical forces and of causing a 
momentary large current rush. Hence, we may conceive of 
trouble ensuing in cases of this kind. It may then be best to 
throw on full voltage before applying direct-current excitation. 
If the circuit 1s kept closed during the transition from fractional 
to full voltage, we believe 1t best 1n all cases to excite the fields 
on fractional voltage, so as to reduce to a minimum the current 
which would flow after full voltage is applied. 

It is usually undesirable to apply as much as unity power 
factor exciting current in order to cause the motor to lock into 
svnchronism provided synchronous speed cannot be obtained 
without the application of such current. In Figs. 11, 12 and 13 
and accompanying description in my paper referred to above, 
it is shown that there is a critical value of excitation for cach 
speed which will give maximum torque, bevond which the 
torque drops off, but the current in the stator increases. A 
knowledge of this characteristic may prove valuable to the 
operator who has had difficulty in causing his motor to lock 
into synchronism, or finds the current drawn excessive for 
his supply system. 
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Discussion ON ‘f SUGGESTED SPECIFICATIONS FOR TESTING 
HIGH-VOLTAGE INsuLATORS ” (PEEK, SANDFORD AND 
THOMAS) COOPERSTOWN, New York, JUNE 25, 1913. 
(SEE PROCEEDINGS FOR JULY, 1913.) 

(Subject to final revision for the Transactions.) 

F. W. Peek, Jr.: The line insulator is an important factor 
in determining the success or failure of a transmission scheme. 
The requirements in present insulator specifications in no way 
provide for uniform porcelain. Destructive puncture tests 
are generally made on a few selected units which may indicate 
a very good insulator. On account of the great lack of uniform- 
ity in most porcelain these tests do not determine the performance 
of the bulk of the insulators which are manufactured later and 
put on the line. It is thus seen that uniformity of the porcelain 
is one of the most desirable fcatures of a line insulator. I should 
like to bring out a few points that should be covered. In almost 
all other enginecring work the strength of a given material is 
known and can be depended upon within a small per cent of the 
value indicated by test pieces. The material is uniform, and 
uniformity is a necessity. If structural steel varied a tenth 
as much as most porcelain used in present line insulators, there 
could be no “sky scrapers.” Tests then, should be such as to 
secure uniform porcelain. This might be accomplished by requir- 
ing the destructive uniformity test, or the impulse test, made on 
insulators taken at random from different parts of the kiln at 
each firing. Again the specifications might require that a cer- 
tain percentage of the insulators of cach kiln at each firing pass 
the factory test otherwise all the insulators of the kiln at the 
given firing be condemned. For instance—if in one firing in a 
given kiln 50 per cent of the insulators fail to pass the factory 
test, and if in the next firing only 10 per cent fail to pass the factory 
test, the insulators in firing No. 2 would be much more reliable. 
A greater percentage would stand voltage rises on the linc. 

I do not believe that the factorv tests made on all of the in- 
sulators should be too severe. For example, an exceedingly 
high voltage of steep wave front, or short duration, may be 
impressed upon an insulator without anv apparent damage, 
but nevertheless the insulator is weakened. It may be that after 
nine of such applications there is no visible change but on the 
tenth application puncture may occur. 

This is probably one reason why insulators that have long 
given good service after a time begin to break down, by the 
weakening duc to accumulative effect of impulses received in 
service caused by arcing grounds, arcing over of poor insulators, 
lighting, ete. 

It is desirable to make such tests, but only on insulators that 
are not to be used on the line. These tests indicate what can be 
expected of the bulk of the insulators if the porcelain is uniform. 

Some suspension insulators recently came to mv attention 
which had passed factory inspection. These would ordinarily 
have been placed in service. On breaking a few it was seen 
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that the porcelain was very porous. Such insulators puncture 
at very low voltage when dry, and when the glaze becomes 
checked, breakdown will generally occur in practice. Moisture 
is undesirable in the cement even when the porcelain is good. 
Cases have come to mv attention where, due to the cement and 
moisture, the metal pin was chemically affected. А coating 
formed on the pin. The pin, thus increased in size, placed the 
porcelain under great mechanical stress, probably producing 
tiny cracks. When puncture occurred in such insulators due 
to lighting, even when dynamic was not on the line, the cap was 
ruptured as in a boiler explosion, dropping the line to the 
ground. The explosion was probably caused by sudden expan- 
sion of moisture in the cement. . The mechanical stress and tiny 
cracks therefrom weakened the insulator so that puncture also 
took place at line voltage. Moisture-proof cement seems 
desirable. ` 

It is very important that when arc-over occurs, the design 
should be such that it takes place completely around the string 
and not from unit to unit in cascade. Complete arc-over is 
most likely to be obtained if the voltage balance of the string 
is good. When arc-over takes place in cascade the equivalent 
of successive impulse tests are played on the units as the arc 
approaches the tower unit, until finally,-when the tower unit 
is reached, the full line voltage or over will be on this unit until 
it arcs over or punctures. А cascade arc also heats the units 
more than a complete arc, and breakage due to heat, and hence 
dropping of the line, is likely to occur. 

It is not often realized that altitude makes a vast difference 
in arc-over voltage of insulators. 

In making insulator tests, the transformer ratio should be 
calibrated with the sphere gap to include wave shape. Voltage 
may then be measured by ratio if the same mcthod of voltage 
control is used. š 

Im all engineering work the cost of various factors must be so 
divided that a maximum return is obtained from the investment. 
Engineers should realize that it is better to pay more at the start 
for a good and wisely selected insulator than to pav many times 
later by the loss of prestige due to poor service, and by damaged 
apparatus, to say nothing of the replacement of insulators. 
Each insulator that punctures or arcs over sends out impulses 
of high frequency which may weaken or destroy other insulators 
and apparatus. 

While good uniform porcelain is necessary, it must be remem- 
bered that good porcelain does not always mean a good insulator, 
that good insulators may be weakened by improperly adding 
perfectly good porcelain. 

My “ Suggestions for Specifications " do not require an ideal 
insulator, but are requirements which I believe can be met at the 
present time by any manufacturer at reasonable cost. The 
suggestions are given not so much to make fixed specifications, 
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but rather to bring out points not often realized. It is to be 
hoped that it will not be long before insulators are designed 
with due regard to the dielectric circuit, and that porcelain is 
either superseded or becomes a uniform dependable product. 

J. A. Sandford, )г.: In looking over these specifications 
with the criticisms, from the insulator manufacturers! stand- 
point, I would like to have you look at them as much as possible 
from the standpoint of specifications written to cover the require- 
ments which are necessary in order to produce a good quality 
of insulator, and not so much a specification to cover the design 
of the insulator which the purchaser may choose. Undoubtedly, 
a set of specifications which the purchasing engineer writes must 
include paragraphs covering certain points that will govern the 
design, or performance tests, you might say, of the insulator 
completely made up. | 

It would seem to me as though, if it were possible to do so, 
it would be well if all specifications for tests that are required 
to demonstrate the performance of an insulator could be written 
up and isolated from the tests that are required to demonstrate 
the quality of the porcelain in the insulator to show that good 
insulators are being shipped. The reason I sav that is this: 
After the insulator has been decided upon and the contract has 
been signed, the greatest thing that has to be contended with, 
very often, is the judgment of the man sent to the factory to 
sclect the individual units for insulators out of the lot put before 
him. For this reason it is advisable to have as few points as 
possible left to be decided by the inspector. If the purchaser's 
engineer decides all points concerning design, it will only be 
necessary tor the inspector to see that good material is furnished; 
that 1t 1s according to drawing, and that the proper tests are 
apphed to all units. It seems to me it would be more satis- 
factory and to the advantage of all concerned if these things 
could be separated, but that is hardly possible. At the same 
time, from the factory standpoint, that is the way the specifica- 
tion should be looked at; i. e., simply from the standpoint of 
producing good insulators of the design alreadv contracted for. 

Referring to the paragraph headed “ Corona " in Mr. Peek's 
specifications, I believe I am perfectly safe in saying that there . 
is not a single type of suspension insulator on the market to-day 
that would not show corona around the metal stud cemented 
into the under side of the unit, if tested at 1.3 line voltage, 
assuming this to be 110,000 and the number of units per insu- 
lator as seven. I am pretty sure that there are a good many 
110,000-volt insulators in use to-day that will show corona 
at about 65,000 volts. To be sure, it 1s verv slight, but at the 
same time it is visible, and there again comes up the question 
of judgment of the man who has these things to decide as to 
how much he is going to allow. If vou leave the wording in 
the specification so that it will read “ there must be absolutely 
no sign of corona," prospective purchasers must buy a different 
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insulator from that which has been uscd for like conditions in 
the past with seemingly satisfactory results. 

Referring to the pin type of insulators, there is one thing 
which might have been added which would have read some- 
thing like this: “ In no case any porcelain part to be tested at 
less than 70,000 volts." As a matter of fact, we never test 
any porcelain part ourselves at less than the voltage that the 
part is designed to stand when assembled as a part of a complete 
insulator, and we think that is a safe practise. 

Now referring further to the pin type specifications, mechan- 
ical test, that is stated as a definite figure at 2000 lb. I think 
that this value would apply alright in all cases for insulators 
of 25,000 volts or higher. I think possibly, however, that this 
value should have been left blank, because іп the case of some 
of the smaller insulators, say 10,000 volts, or 11,000 volts, it 
might be found possible on some designs to approach that 
figure, but it is my experience in 90 per cent of the cases where 
we are called upon to apply a certain specification test to the 
pin type insulator as indicated, that the test usually resolves 
itself down into a test of the pin, because the pins generally bend 
at a considerably less load than 2000 Ibs., and particularly on 
60,000-volt insulator of the largest size. 

Referring to the paragraph headed “ Minimum Distance 
from Insulator to Grounded Objects," and “ Number of In- 
sulators to be Tested at one Time," and “ Factor of Safety— 
Dry," etc.; when Mr. Thomas received the first draft of the 
specifications I submitted to him, he asked me several questions, 
and these paragraphs might be considered as answers to those 
questions. In other words, they are the view that the porcelain 
manufacturers take of these subjects, particularly from the 
point of producing good quality insulators, not that some of 
these points might and ought to be included in the performance 
test, preliminary to the placing of the contract. 

Under the heading of: “ Quality of Water for Rain Test Pur- 
poses," the first time I encountered this difficulty was when 
we were put to it to make a certain suspension tvpe insulator 
come up to certain requirements under the rain test, and I could 
not do it with the equipment I had, using everything as it was 
installed. We had our water from artesian wells, water coming 
up through several layers of gas beds, coal fields, etc., so in order 
to take up the problem and solve it we took the identical in- 
sulator disks tested 1n our own factorv, the spraving outfit and 
everything that was movable, and transported them to Pitts- 
field, Mass., and we made another test there. The results 
were rather startling. We then took the specific resistance 
of the water; the first (Lisbon) water was 880 ohms, and the 
second (Pittsfield) water was 7000 ohms. Later we installed 
in our factory for this kind of work a little half-inch steam trap 
and tank to collect water from our heater system, and letting 
the water cool down and using this water for similar testing 
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purposes. The specific resistance of this water was 30,000 ohms. 
I have the apparatus so arranged that I can turn one valve for 
one water and another valve for the other water, and the 
difference will run as high as 40 per cent. 

I think the specification that has been written by Mr. Thomas, 
with those points left blank, so far as the actual valuc is concerned 
is a good one, and as I stated here, in my report, this method of 
obtaining a good water may be put in practise. I think this 
apparatus could very likely be installed at any place where the 
test was likely to be mado. 

Referring to the dew test, from our standpoint it does not 
show anything in the performance of the insulator over what 
can be obtained in other ways. In the winter time I believe 
we can get a better test than any dew test would be by simply 
hanging the insulators out of doors and bringing them indoors 
and applying the test immediately. In this way vou gct a 
coating of moisture over the insulator which is better than 
that put on by steam or any other method. 

The question of the capacity of the equipment is a thing 
which scems to be more or less a bone of contention. It is often- 
times specificd, but often winds up, and probably has to wind 
up, by the engineer accepting what he finds at the manufacturer's 
plant at which it scems most advantageous to him to place 
his order. I think in nearly every case all the insulator manu- 
facturers have a good equipment, and it scems to me that so 
far as any routine factory tests are concerned, that it need not 
be thought of in the specification. If there are any special 
performance tests where very carcful note is to be taken of 
small variations in the performance of the insulator, then: it 
is well to specify the various conditions, and among others the 
capacity of the equipment; but generally tests of that kind are 
made in a laboratory which has at its disposal various capacities 
of equipment and thercfore such specifications may be ad- 
missible. 

Now the method of controlling the voltage 15 subject to about 
the same limitations; that is, the potentiometer method, I 
believe, is good, but you realize the manufacturer is cutting 
down his costs just as far as he can for the factory tests and the 
potentiometer method of making the test will be very expensive. 
Take for instance a porcelain plant. Either one of our plants 
is probably as large as апу other one plant in the business, and 
even at that we only require about an average of 80 h.p. to drive 
the whole factory. If you are going to load up a considerable 
per cent of that by using up power in water resistance, the 
people who are paying the bills will object, and I can sce no reason 
why that should be necessarv, except again 1n cases where per- 
formance tests are being made and a carcful note has to be made 
of small differences, in which case it looks to me like a laboratory 
proposition and should be so treated. 

You can sce I am looking at this purely from the standpoint 
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of the quality of the porcelain; therefore the grounding of one 
end or the middle of the test circuit goes along the same line 
except that for convenience it is very much easier for us to use 
the middle point grounded, on account of the fact that we have 
only to insulate through the buildings at half potential. We 
were compelled to put up sprinkler svstems everywhere, and the 
less voltage we have to insulate in the factory the better off we 
are. 

In regard to the paragraph concerning the breakdown of the 
insulator. Generally the breaking down of an insulator means 
the total destruction of that insulator, and if it would be con- 
sistent, I think it would be well to have that so understood. 

The corona discharge, etc., is often specified, and with refer- 
ence to what Mr. Peek says, that there shall be “ absolutely 
no corona," if we make a performance test at our factory, or at 
some other factory, or at some neutral point, and along comes 
an inspector and we make another test, and in his judgment the 
above specification is not fulfilled, what is going to be the 
answer? It seems to me the items I have taken up in that last 
paragraph on page 1655 and the paragraph at the top of page 
1656 should be wholly and finally decided before the contract is 
signed and then remain as decided, because you cannot change 
the insulator afterwards. I have seen strings of insulators 
sometimes among which, right along in the samo string, there 
will be one unit absolutely dark between two units that show 
considerable corona. 

As to the test for the puncture strength of the insulator, such 
test to be made under oil, I think this test is a very good thing. 
I cannot quite agree with Mr. Thomas, however, as to the method 
of raising the voltage by a thousand volts a minute, or whatever 
other time might be adopted, because ordinarily the factory 
equipment at an insulator factory is not calibrated, the low 
voltage meters which they have are not calibrated so that they 
read directly in kilovolts on the high-tension side. I rather like 
the method which I suggest here in the last part of this section. 
I used the old method myself at one time, but since then I have 
had a considerable amount of experience in applying the voltage 
in this way and I may say it works out very well indeed and will ` 
show up results as well as or better than any other method I 
ever tried for testing under oil. 

As to the last paragraph, there is not anything better that 
I know of that can be said on that than tolook at Mr. Nicholson's 
paper for this part of the discussion. First of all it 15 a design 
test, and it is difficult to apply because ordinarily the mechanical 
testing equipment in the factory may or may not be anywhere 
near the electrical equipment, and it means there must be pro- 
vided special arrangements, etc., for rigging it up. But there are 
one or two things which Mr. Nicholson says here which, if 
they are substantiated by more tests later, it would seem to 
me would justify by good proof our taking the stand that I have 
indicated in this last paragraph, viz., in eliminating such a test, 
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because you will see in Mr. Nicholson's discussion that he savs: 
“Тп our effort to explain these results, mechanical loads were 
applied to insulator disks and then removed, voltage being 
applied after the removal of the loads. In other words, the 
electrical test followed the mechanical test. Almost identical 
results were obtained by this method as in the simultaneous 
electrical and mechanical tests. This fact seems to indicate 
that puncture occurs by reason of injury to the porcelain by the 
mechanical load, rather than by a combination of mechanical 
and electrical stresses acting simultaneously.” If that proved 
true, in more extended experiments—we have not done much 
on it ourselves—I see no reason why then we should not apply 
a routine test to all units, which we do now. We may have to 
raise that a little and then applv our flash-over test with a 
definite time-limit rather than an instantaneous test, I think, and 
accomplish just as good results; in fact better, I believe, than by 
trying to determine the result from using the simultaneous test. 

Further on Mr. Nicholson says, “ Moreover, it is noteworthy 
that usually an insulator during or after a mechanical load 
which caused puncture would withstand flash-over voltage for 
several seconds’ time before puncture occurred. These observa- 
tions indicate that mechanical loads insufficient to actually 
crack the porcelain may overstrain it to a point where its di- 
electric strength is greatly reduced.” I do not know, but I 
think that if all the insulators that were put to that test were of 
uniform vitrification, this difference would not exist; in other 
words, if the insulator was damaged at all, it was punctured 
practically instantaneously with the final voltage. It seems to 
me if that condition is going to exist, the thing I spoke of a short 
time ago should be introduced and I have written this down as an 
addition to that statement: “ If this condition is found to prevail 
after more numcrous data have shown such to be the case, the 
final electrical tests after the mechanical pull should be for a 
definite length of time, not for the so-called ‘instantaneous ' 
application." 

I think if that condition exists, a test, perhaps one oftwo 
minutes, or whatever may be thought to be a proper time element 
would weed out апу such cases. 

What we would like to see would be a set of specifications drawn 
up that will not put anv more fussy testing and experimental 
work than necessary up to the manufacturer after the contract 1s 
signed. It seems to me all these things should be determined 
beforehand and that afterwards all there is to be done 1s to be 
sure that each and every insulator and each and every piece of 
porcelain of a completed insulator, in the case of the pin type 
insulator, is perfect or as nearly perfect as we can make it. 
It makes it easier for the inspector, the manufacturer and the 
purchaser, and the purchaser will get just as good material in 
the end. 

P. H. Thomas: I will take a few minutes to call attention 
to certain parts of the third specification, the one drawn up to 
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embody what seemed to be the best and most practical features 
of the specifications which vou have just heard discussed. 

On page 1658, section 6, I have suggested a factor of safety 
for testing on metal parts. I do not believe such a requirement 
has been usually made, and I do not suppose it is necessary to 
put very much stress upon it, but it gives a criterion for the 
guidance of the man who is designing the mechanical parts. 

On page 1659, paragraph 9, reference is made to the absorption 
of moisture bv the porcelain. "This is taken from Mr. Peek's 
specification, and is, I think, a very important feature. Per- 
sonally I am inclined to believe that the amount of absorption 
is a very good measure of the density and quality of the porce- 
lain. I would call the attention particularly of the manufacturers 
to the question as to whether they fecl that this value given in 
paragraph 9 can be reasonably and reliably attained. Mr. 
Peek gives an absorption of not more than 0.25 per cent, and 
Mr. Sandford, in his case, gives 0.1 of 1 per cent, with a differ- 
entlv worded method of making the test. I have put in Mr. 
Sandford's figures in the specification, and ask that this point 
be discussed. One-tenth of 1 per cent may be too severe а 
requirement. 

At the bottom of the page vou will notice that I have made 
a careful distinction between routine tests and design tests. 
This is in line with the request of Mr. Sandford that when we have 
once decided on the design then it remains to make tests on 
individual units which shall insure that the insulators reasonably 
correspond to these designs. All that is required for the routine 
tests is that once in a while the method used for the routine test 
be calibrated bv the prescribed method of making tests, and апу 
reasonable method of checking up the voltage as shown on the 
test can be used. That gives the manufacturers an opportunity 
of using any apparatus which they may have available, provided 
it is reasonably good, for handling their factory output. 

Paragraph 16, with relation to frequency, is a compromise. 
Ideally, we should test every insulator on the frequency at which 
it is to be operated, but it is a hardship on the manufacturers 
to require testing at the various commercial frequencies. I am 
inclined to think that in ordinary cases a 60-cycle test would 
show pretty nearly the same results as 100-cvcle or 125-cycle 
test, up to 40,000 volts, provided the other conditions were as 
specified. The variations between frequencies in testing are 
due to many other things than differences in frequency, such as 
differences in the characteristics of transformers, the character- 
istics of the generators and the methods of the application of 
a voltage. 

The next paragraph “ what constitutes a breakdown,” is 
perhaps the first definite injection of such matter into a specifi- 
cation. This paragraph comes from Mr. Sandford’s specification. 

The oil tests, it seems to me, are absolutely necessary in 
important lines. How large a percentaee over the flash-over 
voltage shall be required for the test under oil for the puncture 
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test 1s open to debate. It is given as 125 per cent in this speci- 
fication. 

As to paragraph 22, in reference to mechanical tests on pin 
insulators. I would lke to read the last sentence. This is a 
novel statement, whether it will be approved or not I do not 
know. It is as follows: “ In case of failure the question as to 
whether the insulator or the pin is at fault shall be determined 
by testing again with a solid steel pin turned from a piece of 
round stecl of such dimensions that this piece of steel acting as 
a pin for the insulator will not bend under the above-mentioned 
load." In mv opinion it is not sufficient to put in a perfectly 
good pin to find whether the insulator will stand the overload, 
but the pin which is used should be one which will not bend or 
spring in service, so it seems to me worth while to make the test on 
the design with the pin vou are going to use. 

Paragraph 25, and other paragraphs in this group, refer to 
routine testing. The question is as to how long these tests 
shall be continued, and that is one of very considerable practical 
importance. When you are making a test of one thousand 
insulators, it makes a difference whether every one must be tested 
one minute or five minutes. 

I would call on Mr. Nicholson to read the contribution which 
he has made, which contribution has been printed, and which 
describes some of his tests on a simultaneous application of elec- 
trical and mechanical stresses. I consider this a very important 
matter, and I would like to have it called to vour attention at 
this particular point in the consideration of these specifications. 

L. C. Nicholson: A scries of tests, not yet completed, has 
been undertaken to determine the performance of suspension 
type insulators when subjected simultaneously to electrical and 
mechanical stress. 

We find that mechanical loads do not aflect the flash-over 
value of the insulators, but do not affect the puncture or dielectric 
strength. A load much less than that necessary to cause appar- 
ent mechanical failure induces puncture at dry flash-over voltage. 
Thus, insulators having an ultimate mechanical value of 9000 
to 12,000 1b. (4080 to 5440 kg.) will puncture when subjected 
to from 4000 to 9000 1b. (1815 to 4080 kg.) pull and dry flash- 
over voltage simultaneously. 

Mechanical load was applied by means of an overhead hand 
crane, three insulator discs in series being anchored to floor. 
Voltage was obtained from a 50-kw., 25-cycle, 250,000 volt 
testing transformer, regulation being effected by a water rheostat. 

Expressed in per cent of the number of discs tested under 
ascending mechanical loads wc find that: 

5 per cent puncture at 4000 lb. (1815 kg.) pull. 

8 “ ыы " * or below 5000 Ib. (2270 kg.)pull. 
22 “ Е ч * *  * (000 Ib. (2720 kg.)pull. 
500 “ к i; * * 4 "000 Ib. (3175 kg.) “ 
90 “ s ы 44 “4 8000 Ib. (3630 kg.) “ 
100 * Б i * *  * 9000 1b. (4080 kg.) * 
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Several types of insulators from several different manufact- 
urers were experimented with. No marked difference between the 
different kinds was found to exist, with perhaps one exception. 
This was a ''strain type ” insulator with extra heavy metal 
parts. Only a few of these were available, but none of those 
tested punctured at a load of less than 8000 1b. (3630 kg.), and 
some of them withstood 10,000 Ib. (4540 kg.) successfully. The 
ultimate strength of this insulator was from 10,000 to 12,000 1b. 
(4540 to 5440 kg.) 

In our effort to explain these results, mechanical loads were 
applied to insulator disks and then removed, voltage being 
applied after the removal of the loads. In other words the elec- 
trical test followed the mechanical test. Almost identical results 
were obtained by this method as in the simultaneous electrical 
and mechanical tests. This fact seems to indicate that puncture 
occurs by reason of injury to the porcelain by the mechanical 
load, rather than by a combination of mechanical and electrical 
stresses acting simultaneously. 

Usually. though not always, puncture occurred previous to 
any audible noise from the insulator, such as would indicate 
crushing or cracking of the porcelain. Moreover, it is note- 
worthy that usually an insulator during or after a mechanical 
load which caused puncture would withstand flash-over voltage 
for several seconds’ time before puncture occurred. These 
observations indicate that mechanical loads insufficient to 
actually crack the porcelain may overstrain it to a point where 
its dielectric strength is greatly reduced. 

We believe the shape of metal parts, as well as the size, shape 
and distribution of grooves in the porcelain, are important factors 
inthis matter. Undoubtedly other factors and effects are present 
and the subject is one deserving carcful study and investigation. 

As to the theory of what happens I am not able to say. I 
have simply pointed out in my discussion the results which are 
obtained. 

There is not much audible noise. In many cases the insulator 
will hold the voltage for 30 seconds before it punctures, indicating 
that the material may have been strained, although not actually 
cracked. This factor varies with different shapes of hardware and 
different shapes of porcelain, depth of grooves, distribution of 
grooves and all that sort of thing. Ihave not begun to find 
out the nature or extent of the phenomenon. 

P. H. Thomas: You can sec this work of Mr. Nicholson was 
à serious matter. - There are in service a great many strain 
insulators of the type tested, and much difficulty is experienced 
with them in the respect indicated. Our specifications ought to 
protect us against it. At the present time we do not have data 
enough to conclude just the significance of this feature which 
Mr. Nicholson points out. It mav be that further experiments 
will show that the weakening of the dielectric by mechanical 
Stress is an extremely common occurrence. 
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We are especially interested in what the cause of the trouble 
is and what is the nature of the action. It is a speculation at 
the present time, but the thought must occur to us that there is 
a mechanical deformation of the parts which are under a strain 
approximating the elastic limit. We have metal parts, porcelain 
parts, and cement parts, and under the strain there must be a 
certain amount of mechanical change of shape. Porcelain is 
a brittle substance and it is possible there are tension strains 
developed in it which will cause not a clear crack, but an opening 
up of the material which allows a little penetration of charge. 
This speculation is supported by one of the comments of Mr. 
Nicholson that there was one set of disks which did not act as 
badly as the others and that this set had excessively heavy 
mechanical parts. If it is true that distortion rs the cause of 
the difficulty, 1t can be corrected. 

I think we have done all we can in these specifications to 
fore stall the effect of mechanical stress in calling for the making 
of the electrical routine test after the mechanical test. Mr. Nichol- 
son's study as far as it goes, shows the test is no more severe 
made at the time of the mechanical test than it is afterwards. 

I hope that all engineers interested will make full criticism of 
these proposed specifications. 

H. W. Crozier: What has become of the idea that each unit 
in a string of insulators should be able to stand the line potential? 
That idea was advanced some time ago, that 1s, that each unit 
should be able to stand, as a puncture test, the line voltage. 

[ want to add a word of caution in regard to the mechanical 
tests proposed. Mr. Nicholson's discussion particularly brings this 
out. In a good deal of work which we did, samples of the insula- 
tors were tested to destruction. In our practical insulator work 
we are not testing samples, but we are testing actual insulators, 
and we must take care we do not do things to the insulator in 
our testing which will reduce their efficiency. We тау take 
strain insulators capable of standing 15,000 1b., and we can 
easily realize from Mr. Nicholson's discussion that if we overload 
these insulators we greatlv reduce their resistance to clectrical 
puncture. If we take all the insulators of a line and apply 
a severe mechanical test to them, we have reduced the resist- 
ance to puncture of the whole number of insulators bv a margin 
of forty or fiftv per cent. We will have to test a lot of insulators 
mechanically to provide for strain insulators, but for the other 
insulators, which are going to act as supporting insulators and 
throughout their lite may not be called upon to support more 
than a few hundred pounds, it would be desirable to omit the 
mechanical test altogether. | 

P. H. Thomas: las Mr. Peek, ог Mr. Sandford, anything to 
sav about making each unit in the string stand the line potential? 
That would кесіп obviously impracticable when vou have high 
voltages. It might be practicable in some cases, but if vou have 
seven or eight insulators in a string, it would be impracticable, 
in my opinion. 
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J. A. Sandford, Jr.: If Mr. Crozier adds under oil, there is no 
insulator made today that will not stand the line potential 
under oil. 

H. Koganei: With regard to the oil test of insulators, I 
made a series of tests and observed some phenomena which are 
not vet well explained. The insulators tested were all of pin 
type for working voltages, 15,000, 25,000 and 35,000 volts. At first 
I made the arc-over test with three times working voltages for 
five minutes. Then selecting ten insulators from each size 
which arced over without puncturing, I immersed them in oil 
to make the puncture tests. The puncture voltages varied 
from 80 to 90 per cent of the arc-over voltages. 

It seems quite reasonable to show lower puncture voltage in 
oil due to the concentration of the dielectric field near the 
terminals. To eliminate this effect of the field distribution, 
I selected another lot of ten insulators from each size and pasted 
tin foil on the top and the pin hole. Even in this case they were 
all punctured at the same voltages near the centre of the elec- 
trodes and none at the edges. 

The voltage was measured by the needle gap which checked 
very well with the voltage calculated from the turn ratio. 
The voltage was increased at the rate of 1000 volts per minute. 

The flux distribution 1n the latter case, near the puncturing 
point, mav be considered to be more uniform than in the arc- 
over test. Nevertheless, the insulators were punctured in the 
oil at least 10 to 20 per cent lower voltage than they will puncture 
in theair. Unfortunately, these tests were made just before I 
started from Japan and [ did not have enough time to get any 
further result. The insulators were made in Japan. 

Е. W. Peek, Jr.: The suspension insulator as a rule does not 
act in that way under oil. The only explanation would be some 
local concentration of flux due to the oil, and with the suspension 
tvpe, the breakdown under oil always takes place between pin 
and cap where the oil can in no appreciable way affect the flux 
distribution. The flux distribution would be affected in the 
pin type insulator. I do not think the oil has any peculiar 
effect. 

M. T. Crawford: Mr. Sandford recommends the wet flash- 
over voltage test for pin type insulators to be not less than 175 
per cent of the operating voltage. My experience has been 
that not less than 200 per cent normal voltage 1s a better mini- 
mum, or possibly 225 per cent as recommended by Mr. Peek. 
I have also found it to advantage to have each insulator marked 
with an identifying stamp bv the inspector, so that none are 
skipped in the test by mistake during a rush delivery. On one 
job of over 30,000 insulators tested in this way to over 200 
per cent normal voltage. There have been practically no 
failures in four years’ service, whereas another job with a less 
rigid test has given a considerable number of failures, although 
they have identically the same design and are used under the 
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same operating conditions. In this case the greater cost of the 
insulators tested with the higher pressure was more than war- 
ranted. | 

P. H. Thomas: In regard to the propriety of omitting the 
mechanical test on insulators which are not to be uscd as strain 
insulators, something may be said both ways. In the third 
specification, paragraph 22, page 1662, a blank is left for the 
value of the pull test. If it is desired, insulators can be made in 
two classes, one to receive a test commensurate with the ordinary 
strain of the line insulator, and the other for the high strain 
of the strain insulators; since by the breaking of a conductor a 
high mechanical strain is likely to be brought on a suspension 
insulator, it seems to me it would be, as a matter of fact, and 
of practical wisdom, dangerous to try to use a suspension 
insulator that would not stand the strain of a broken conductor. 

J. A. Sandford, Jr.: It seems to me the strain insulator is 
the one to stand the load. If there is any damage done by apply- 
ing the mechanical stress, that is the one to receive the stress, 
and it should not be received by the span insulators. 

L. C. Nicholson: Insulators intended for service should not 
be damaged by mechanical or other tests, but it is evidently 
unwise to place an insulator in service subject to a certain 
mechanical load which has not been actually tested somewhat 
in excess of the loading it will receive under actual operating 
conditions. If there is any question as to the ability of the 
insulator to carry this load, two or more insulator strings should 
be used im parallel. 

There has been considerable trouble with strain insulators on 
transmission lines. This has been attributed by some to too 
high mechanical loading, and by others to the self-induction or 
choke coil effect of the conductor loop as usually employed at 
angle or dead-end towers. No one seems to have any definite 
explanation of what is responsible for strain insulator trouble. 
The mechanical-clectrical tests cited show that dead-end insula- 
tors тау be weakened electrically by mechanical loading. 
Furthermore, these tests were of ‘short duration, and do not 
tell us what effect would come from alternate loading and 
unloading over long periods of time such as occur in practice. 

In addition to mechanical loads, internal stresses of consider- 
able magnitude are induced by atmospheric temperature 
changes. Ina paper bv Mr. Austin before the National Electric 
Light Association, at Chicago, it was shown that a stress of at 
least 400 lb. per sq. in. may be induced. Since this value 15 
practically one-half the ultimate strength of the porcelain, 
it appears that medium mechanical loading in combination 
with temperature effects may in time result disastrously to the 
insulator. 

These considerations indicate that the shape of suspension 
insulators may be changed to advantage—better to withstand 
loads and temperature changes. Are we not making an crror 
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in the construction of the insulator in confining a small knob of 
porcelain in a perfectly rigid iron pocket?. Or, would not some 
substance other than cement, which would be more elastic, be 
better in this respect? 

In general, the points mentioned in the specifications under 
discussion are good, but I believe they do not go far enough. 
There are a number of important things about insulators which 
we do not know, and which we appear perfectly content to 
leave to the manufacturers, without making an effort to find 
out about them. The manufacturers are in general reliable and 
honest, but have not so far sufficiently distinguished the tech- 
nique of insulator design from the commercial production of 
insulators. Electrical engineers are willing to leave these 
matters entirely in the hands of the manufacturer, and depend 
upon final test. and inspection to secure satisfactory insulators. 
For example, we never ask any questions nor make any require- 
ments relating to the composition of insulators we intend to 
use. We leave the entire ceramics of the matter absolutely 
in others’ hands, and have made no efforts to study intel- 
ligently the composition or firing of the porcelain. In a matter 
so important to the electrical industry, I fecl that the American 
Institute of Electrical Engineers or some other body should 
undertake to become familiar with insulator production, to 
the extent that specifications may be prepared covering not 
only the testing, but the composition and production of insula- 
tors. 

The point raised by Mr. Peek concerning proper spacing of 
units to prevent flash-over in cascade, is in my experience of 
slight practical importance. With the usual spacing of units, 
when dry the string flashes over, but when wet the units flash- 
over individually. Since the wet condition is the practical 
one, I fail to see any advantage to be derived from a close 
application of the theory based on dry flash-over. 

C. O. Mailloux: I would like to say a few words about 
going into the mixing room too early. I have had some experience 
in cases where it was necessary for the consulting engincer to 
decide whether there was to be or was not to be a mixing room. 
I have found it to be true in electrical engineering, and in all 
other professions, that the shoemaker should stick to his last. 
I think it is dangerous for the electrical engineer who has not 
made a thorough study of ceramics, at least as thorough as the 
ceramic expert himself, to go into the mixing room and tell 
the ceramic manufacturer what to do. There is a parallel case 
in the manufacture of insulation for wires. I have found that 
in undertaking to tell the manufacturer of insulation for wire, 
how to manufacture and how to apply the insulation, one was 
liable to hamper the operation most seriously and make dif- 
ficulties which not only tended to, and actually did, increase 
the cost of the output, but also decreased its insulating and 
lasting qualities. Hence, in my opinion, it is quite as well to 


106 INSULATOR SPECIFICATIONS [June 25 


let the ceramic expert confine himself to that specialty. I do 
not care how strongly we insist on the results, but when it 
comes to the methods of accomplishing these results, I think 
we should leave to the manufacturer the widest possible latitude. 

Paul M. Lincoln: Concerning the qualitv of water which 
is recommended for making the rain test, I have run across a 
good many different kinds of water, and I find there is a tre- 
mendous variation so far as their electrical resistance pocs. 
Some water is a fairly good conductor and some is a prettv 
good insulator. It ‘seems to me Mr. Sandford is quite logical 
in suggesting in his specifications that the water which is used 
for rain tests in testing insulators shall be condensed steam, for 
the reason that the water which wets the insulator in practise 
is of the same nature, viz: rain-water, and it is practically 
pure. The only opportunity it has for gathering up impurities 
is in the course of its descent through the air, and while it mav 
take up a very small percentage of impurity from the air I do 
not believe that is sufficient to make its character very different 
from that of the condensed steam which Mr. Sandford suggests. 

Another point is one in which I cannot agree with Mr. Sand- 
ford. He suggests that the connection of the transformer 
which shall be used for testing whether it be grounded in the 
middle or at one end—shall be at the manufacturer's convenience. 
I know from my own experience that there is a tremendous 
difference between these two methods of connection. It is on 
account of the disposition of the static ficld around the in- 
sulators. 

Insulators, when used, have the pins grounded, and I believe 
the test should be made under the same conditions, as nearly 
as possible, and I therefore believe the specification for testing 
insulators should carrv with it the condition that the pin of the 
insulator shall be grounded during the test. 

Percy H. Thomas: We meet both conditions in some 
specifications. The design test is made on the nearest approx- 
imation test to the service conditions, and for the routine 
factory output the test conforms to the calibration of the low 
voltage voltmeter, with the result that we approximate the 
actual conditions, and make the output test with the easier 
apparatus. 

A Member: I would add a little to what Mr. Mailloux said 
about the danger of going into the mixing room, and I will 
refer to some experiences I was familiar with, in which one 
body of engineers, in making a report, stated that they had told 
the manufacturer not only what to put in the mixture for the 
insulation, but how to put the insulation on the wire also. 

In any consideration of the subject of the composition of 
mixtures of any kind, and their application, we must realize 
that improvements are being made all the time and that anv 
specific directions which an electrical engineer might give on 
this subject would not hold for very long. 


_- 
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Hugh T. Wreaks: Referring to the point brought out by Mr. 
Sanford about the question of packing, this scems to me very 
important. Im specifications of many other kinds of material, 
specific attention is given to how the material should be packed. 
We have had occasion to note damage in shipment of insulators, 
and even in cases where the penaltv for breakage came on the 
manufacturer, a good many were damaged in shipment. 

Judging from experiments of Mr. Nicholson, it seems to me 
not unlikely that many insulators may be strained in shipment 
with consequent weakness developing in the field, the fault 
in this case being due, not to how insulators were manufactured, 
but how they were packed and handled in shipment. 

E. E. F. Creighton: The endeavor to standardize the tests 
on insulators is, I think, a valuable move in the right direction. 
Even if the rules are not adopted, they will have thcir value. 
Although it is impossible to get апу information at the present 
time on the proper manufacture of porcelain and therefore it 
cannot be included in these rules, yet this is one of the most 
important features regarding the insulators. Sooner or later 
some one must make a careful investigation for the information 
of electrical engineers of the following factors: 

First. The effects of cach of the ingredients that go into 
porcelain. 

Second. The proper deposition and drying of this material 
without allowing flaws to be formed in the body of the material. 

Third. The proper temperature and proper length of time 
of firing for proper vitrification. 

There is little practical use in stating that porcelain should 
be properly vitrified unless some specific directions can be given. 
The absorption of water by porcelain has been used as a rough 
test of the degree of vitrification but the method is unsatis- 
factory in several respects, especially in the fact that it requires 
the destruction of an insulator. From the experiments I have 
made I think it is possible to devclop some other method which 
will be not only more satisfactory but will leave the insulator 
intact after testing. 

Along a different linc of endeavor some experiments made on 
clavs relating to vitrification, are apropos to the problems 
of porcelain manufacture. 

Our tests were made on the vitrification of clavs, using as a 
basis of vitrification the stability of the material as a resistance; 
at 1200 degrees there was very little vitrification; at 1300 
degrees vitrification was fairly started; and at 1350 degrees 
complete vitrification took place, although as high a tempcrature 
as 1500 degrees was used at times to advantage, for the par- 
ticular work in hand. 

Another test made in vitrification was relative to the time of 
heating. The material was heated successively for periods of about 
one-half hour and measurements were taken after each heating. 
The curve showing the general relations is given in the accompany- 
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ing Fig. l. The degree of vitrification is represented by the 
conductivity. In the curve the reciprocal of conductivity, 
namely resistance, is given. 
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to апум here near 115 com- This curve shows the relative degree of 
plete dielectric strength. Des- vitrification of clay by the decrease in ohmic 
š 5 resistance. The duration of each firing was 
tructive tests are made on approximately one-half hour. The last few 
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samples of material, and the which we presume indicates the final condi- 
methods of manufacture are tion of vitrification for the particular tem- 


regulated to keep the pro- perature used, namely, about 1400 deg. cent. 
duct uniform. With the methods of manufacture fixed, 
factor of safety is taken on the dielectric strength of this 
material and is then not strained above the danger zone. Finally, 
it would seem that this would be the proper way to take care 
of the manufacture of porcelain insulators. If the proper 
chemicals are chosen in the first place and the material is properly 
worked and properly fired, it will be necessarv only to test it 
in such a wav as to get rid of evident flaws. In the past there 
has been 3urned out a considerable quantity of imperfectly 
vitrified porcelain, and this is liable to be damaged by the tests 
which are made to discover the flaws. 

In testing for flaws, it has been found that the high-frequency 
currents from an oscillating transformer produce a general 
stress over the whole surface of the insulator, each successive 
spark traveling over new surface of the porcelain skirts. Still 
further, we have found that by limiting the potential of the 
oscillating transformer, the strain on the porcelain can apparently 
be made even less than on the 60-схсіс test. This is due to the 
fact that the higher frequency favors the production of creeping 
sparks along the surtace. With the same applied potential 
the creeping spark will extend farther as the frequency increases 
At the same time, the dielectric losses in the porcelain will 
increase as the frequency increases. Herein are the relations 
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which should be carefully studied. There is an evident proba- 
bility that a high-frequency test can be made which will not strain 
good porcelain but which will tend to develop and pick out 
accidental flaws in the material. 
In the foregoing criticisms it is 
evident that we have started 
from the point where the elec- 
trical engineering leaves off, 
namely the point of design; it has 
been stated many times that an 
insulator should be so designed 
that it will spark around the 
skirts rather than puncture the 
а porcelain. 
Fic. 2 I want to emphasize a point 
brought out by Mr. Thomas in 
his remarks relative to the frequency at which the insulator is 
to be used. Actually, when you consider the use of the insulator, 
it is never over-strained at 60 cycles or 25 cvcles. It is strained 
by lightning frequencies and by the frequencies that occur through 
accidental arcing grounds, and it is for that reason I think that 
all testing should be donc with high frequency. The failures 
of insulators, outside of the cffects of mechanical strains, 
can be attributed entirely to lightning and arcing grounds. 

Some potential tests made a few years ago with panes of 
glass in air and in oil seem to answer the question of Mr. Koganei. 
If an ordinary picce of window glass in the air with thc electrodes 
on the outside of it, 1s subjected to potential stresses, it is 
possible to raise the potential to a higher point than if it 15 
immersed in oil. We made a series of tests to determine the 
reason for this and came to the conclusion that it was not due 
to the distribution of potential around the electrodes, but was due 
to the safety-valve effect of the corona streamers that run along 
the surface of the glass in air but not when it is immersed in 
oil. 

Consider the ordinary conditions in a disruptive curcuit as 
shown in Fig. 2. The potential is built up by direct current 
until the gap is bridged and then the oscillation takes place in 
this circuit. At the instant of disruptive discharge there will be 
seen on the surface of the glass jars a tremendous number of 
little streamers which emanate from the metal covering. These 
little streamers are the relief valves that protect the glass from 
puncturing. 

If the jars are immersed in oil and filled with oil, the corona 
Streamers are almost entirely suppressed and a puncture of the 
glass will take place for a smaller gap setting than when the glass 
is surrounded by air. The corona irself forms extra surface. 
adding to the electrostatic capacity of the jars. Any sudder 
local surge thus relieves itself by creating a larger capacity ana 
thus lessening the potential that would otherwise occur accord- 
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ing to the fundamental law E = ron When the corona is sup- 


pressed there is no relief valve and consequently a local surge 
will hammer harder on particular spots in the glass; the extra 
strain will cause a puncture. 

The indications of the existence of local electrical surges over 
the surfaces of condensers are not lacking. One might as well 
expect a bucket of water thrown into a trough to produce no 
splashing as to expect the clectric stresses under disruptive dis- 
charge to gently and smoothly distribute themselves immediately 
in the condenser. As an experimental proof of the existence of 
local surges the following facts are given. When only onc levden 
jar on each side is used as shown in Fig. 2, a much larger gap 
can be made to spark without puncturing the glass than if many 
are used on each side. It was determined that this effect was 
not due to weakness of several of the many jars used. 

Ralph D. Mershon: I have a number of points here, of which 
I have made note, upon which it was my intention to speak, but 
in view of the lateness of the hour I will only take up one or two 
of the principal points. It seems to me that the question that 
has been raised before should be emphasized a little more, that . 
is as to the object of such specifications as these. These are 
specifications under which insulators are to be purchased from 
the manufacturer, under which he 1s to supply them. Then it 
seems to me, as pointed out by Mr. Sandford, that all the ques- 
tions of designs, form of insulation, flash-over, and that sort of 
thing should be determined before the contract is let, and then 
forgotten. That is a matter which we cannot usually specify, 
it seems to me. Our object in preparing any specification, and 
recommending one, if we are to recommend one, is not to enable 
engineering work to be automatically done, but these specifi- 
cations are prepared and are to be used as a guide in procuring 
any given product determined on. 

The preliminary determination as to design and the character- 
istics that will be given presumably to all the units is one that 
should depend upon the judgment of the engineer. If it were 
possible to determine all the characteristics, then it would not 
be necessary to have any tests at all, perhaps, or any specifi- 
cations except some rough ones of a gencral nature, but it is not 
possible to determine in advance all the characteristics. You 
cannot lay down a hard and fast rule for the puncturing of the 
insulators, for instance, in the matter of test under oil, so that it 
is necessary to draw up specifications which will bring about the 
production of an article along commercial lines and in very reason- 
able approximation to the kind of product we are after. 

Closely connected with that is the proposition made by Mr 
Nicholson in regard to going into the ceramics of the matter. 
Му advice in that connection would be general. I have made 
a little study of the side of this subject which relates to ceramics, 
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and my experience so far has been that the more deeply you 
study it theless you know. You will find that the art of ceramics 
today is hardly on an engineering basis. It is approaching that, 
and we have ceramic engineers, but the ceramic engineers meet 
serious obstacles every once in a while, as I know. There is a 
suggestion I might make in place of the one which has been made, 
and that is that we get in touch with our friends, the ceramic 
engineers, and arrange for some joint meetings on this matter, 
so that we may both learn something. On our side we will learn 
something as to the uncertainty of the manufacturer of electrical 
porcelain. I think it is more uncertain than any other material 
that enters into electrical construction, and our knowledge of it 
is limited, both in regard to the electrical properties and the me- 
chanical properties. Our knowledge of the mechanical properties 
is а very indefinite onc at the present time. We have but very 
little information on the tensile strength of porcelain, and such 
as we have is very conflicting. It depends verv greatly not only 
upon the composition of the porcelain but upon its mechanical 
treatment during manufacture. For instance, I presume a 
good many of you would assume that the tensile strength of 
porcelain, or ceramic material, because some of it is not worthy 
of the name of porcelain, increased with the vitrification. Now, 
that 1s not necessarily the case at all. Some of the strongest 
objects, that is, strongest with relation to tensile strength, made 
of ceramic material that I ever tested, have been the most porous 
and the ones most easily broken by a little knock. I remember 
one sample of porcelain which was tested up to 2200 Ib. per sq.in., 
which is very high, and someone knocked this piece of porcelain 
on the floor and 1t broke into three pieces. 

There are a lot of problems which are yet to be solved in rc- 
gard to ceramic material, both from the chemical, electrical and 
mechanical side, and it is a pretty complex problem. I think 
Mr. Mailloux's remarks in that respect were well to the point. 

To my mind one of the most important tests 1s the puncture 
test under oil, but when you come to apply it and use it as a 
criterion as to the quality of product, it 1s extremely difficult to 
determine how it shall be applied. Mr. Sandford has mentioned 
the percentage of the product which shall be tested under oil. 
All right, but suppose you test it under oil and it falls consider- 
ably below what you expect 1t would do, and what the tests of 
the first samples had encouraged vou to believe you would get. 
What are you going to do about it? Say you have a large order 
of insulators to be got out on time, and the manufacturer doing 
the best he can, and his material is considerably below the punc- 
ture test you thought you were going to get. It is extremely 
puzzling to know what to do. You cannot test all of your insu- 
lators, that would be almost prohibitive as a matter of course, 
and few manufacturers have the facilities so that vou could test 
them all under oil. In one case in my own experience we did 
this—we assumed we could not ask the insulator manufacturer 
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to do any better than it was possible for him to do. The 
most we could ask then was that we should get as good 
porcelain. as anvone else got. The particular insulators in 
question had a lower flash-over value than some others being 
turned out, so that if they were tested in air they would be tested 
at a lower voltage as regards puncture than the other insulators 
being turned out. We could not tell then, from a test in air, 
as to whether the porcelain in these insulators was as good as 
that in the others. When we came to make the test under oil, 
if the puncture values were lower than we thought they ought 
to be, we agreed that we should have the right to test some of 
the other product that was going through the factory and which 
was passing the routine test through air, under oil, and if ours 
tested out as good as thcv did, then we were subject to negotia- 
tions, even though it was not as good as we thought. If it was not 
as good as that, we were in the position under the contract to 
exert some considerable influence. That was agrecd upon. 

It may be possible to work out some better arrangement, but 
it is exceedingly puzzhng to know how to control vour product, 
when vou can only test a small part of it, and when vou are 
dealing with a product which is notoriously non-uniform. On 
this matter of uniformity I agree with Mr. Peck. I would rather 
have insulators which run very uniformly in a lot tested than 
even those in which the puncture value was considerably lower 
than might be obtained with some other product which was less 
uniform. 

There is one thing Mr. Peek mentioned which I would like to 
discuss further, and perhaps get some further information on 
the point, and that is the objection to using the sphere gap in 
making the insulator tests. He suggests it would be better to 
calibrate the transformer. I think in many cases it would be, 
but my reason would be that of convenience. His reason was 
not quite clear, that was, in making the end test on the insulator 
the voltage on the spark gap might be higher than otherwise: 
It seems to me the insulator gets the same voltage as the spark 
gap does, if the apparatus is properly collected up and located, 
and I cannot see, from that standpoint, the objection to using 
the sphere gap. 

It seems to me it is important to have the wet and dry tests 
as nearly the same as possible, so that the idea of specifying the 
flash-over test dry shall be at least equal to a certain amount 
seems to me is a little bit irregular. I should say that the most 
logical way to specify it would be with reference to the wet flash- 
over test. It seems to me the precipitation in some specifica- 
tions is pretty high. One inch depth in five minutes would 
occur to me to be amply high enough for most, if not all, places 
in the United States. That 1s considerably higher than the max- 
imum precipitation ever recorded by the U.S. weather bureau. 
If vou want to add a factor of safety, do not add it through thc 
jrecipitation test, I think it is better to add it through the 
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voltage to be impressed on the insulator. Also in regard to the 
matter of precipitation, I hope there will be some further dis- 
cussion on Mr. Thomas's suggestion of inclining the insulator 
and using a vertical spray instead of a spray at an angle. It is 
difficult to get a spray at an angle which will be uniform and 
accurately directed. It would be much easier to accomplish 
the same conditions with a vertical spray and the insulator at 
an angle. The objection may be made that that does not sim- 
ulate the conditions of practise. In reply to that you can say 
that we do not know much about what the conditions of practise 
actually are, and there is considerable question as to whether 
the 45 deg. spray simulates them any better than any other 
method of procedure would. In any case, what is the difference 
provided we have certain values which we know approach the 
practical value of the insulator? Is it not much better to have 
a condition of test which we can repeat with some assurance of 
accuracy even though it does not simulate completely the con- 
ditions of practise. 

There 1s nothing said on the cement—how the insulator shall 
be handled after it is cemented. In the first place, it should 
not be used soon after cementing, and should be kept above the 
freezing point. I know of some pieces of work in which the 
insulators were allowed to freeze before they set and when they 
got out on the line there was some trouble. That was a case 
where it was not possible to test the insulators as a completed 
whole, and they had to be tested in separate parts. Where you 
test them, after assembling, that point is not of such great im- 
portance, except that it is always important not to have your 
deliveries held up by the failure of a lot of insulators, and, of 
course, that is important from the manufacturer's standpoint, 
not to lose a lot of the product. 

I should also like very much to hear from the insulator man- 
ufacturers as to the absorption tests which have been proposed, 
whether or not they are satisfactory to them, whether they are 
too difficult, or whether they are likely to result in a product 
whose existence is not justified. 

I would also say that I agree with Mr. Nicholson in his remarks 
in regard to the flash-over values of the insulators. It seems to 
me that a desirable insulator is one which will flash-over the unit 
always before it will puncture. If that 15 the case, why not space 
your units far enough apart so that approximately, at least, you 
get the benefit of the full value of each unit. If there is a power 
arc-over, as a rule it will go to the outside plenty quick enough, 
so that none of the insulators will be broken by the stroke of the 
power arc, if they are not to be broken by the stroke of the power 
arcatall. In other words, I doubt if you will find any difference 
in the breaking of the insulators whether the power arc starts 
around the insulators or between them. If the amount of power 
isenoughto break the end unit, it may go along a line of insulators, 
a string of units, if the arc persists long enough. Whether it 
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flashes clear around the string, or starts clear around individual 
units, there is little difference in practise, so far as we have been 
able to observe. 

Percy H. Thomas: President Mershon was the one who 
suggested having the spray vertical and the insulator at 45 deg. 
Of what effect, in one of these specifications, would be the provis- 
ion that we separate the design test from the routine test, as 
vou suggest? What would vou have done with the specification? 

Ralph D. Mershon: I would have improved or changed the 
matter. 

Percy H. Thomas: Would you have left out half of it? 

Ralph D. Mershon: | would place the most stress upon those 
things which will control the product as we go through the pro- 
cess of manufacture. I do not think I would put the matter of 
design in the form of a specification at all. I do not see why we 
should supply specifications for the design of the in ulator at all. 
It is likely to impair progress, I think, and in any case the engi- 
neer in charge of the work ought to have enough knowledge and 
exper ence to exercise his own judgment in regard to questions 
of design. The usual course is to get samples from the different 
manufacturers and test them. If there are any new designs which 
have been brought out, you can compare them with regard to 
corona and in regard to string ratio, and all of the other points 
that are involved in the design of the insulator itself and in re- 
gard to the puncture value of the insulator. After vou have 
done that, you want a specification to which you can fairly ге- 
quire conformity, and it will result in bringing forth as uniform 
a product as the state of the art will permit. 

Percy H. Thomas: Is not that exactly what we have in the 
first specification? We have the routine test separated from 
the design test in a perfectly plain manner. The first part тау 
not be called a specification, but have these things stated, and 
call attention to the necessitv of uniformitv 1n the product and 
leave the greatest freedom for variations in design. We do not 
limit the development of the art, but want to call attention to 
the way tests should be made, and things of that sort. I agree 
with vou in the matter. 

Ralph D. Mershon: The remarks I would add in regard to 
that would be directed more toward the supplving of specifica- 
tions for design at all. Any specifications we agree upon should 
be directed toward bringing the product through and not to the 
matter of the design of the product. 

E. M. Hewlett: I think that the last point Mr. Mershon 
brought out is one of the most important. The general design 
of the system should be settled before any decision is made as 
to the particular insulator which should be used. The proper 
insulator to use will be determined by the voltage of the line. 
An insulator designed for a 70,000-volt line would naturally show 
corona at alower point than an insulator designed for a 100,000- 
volt line. Also, insulators designed for any given voltage at a 
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given altitude will show corona at a lower voltage at higher al- 
titudes. Thus at points where a line crosses a mountain range 
it might be necessary to use insulators of a different design than 
those used at lower points so that all the insulators will show 
corona at abou: the same voltage. 

In reference to the arc-over test, we find that many manufac- 
turers consider a puncture or a flash-over test with a testing trans- 
former equivalent to an actual line test, but Mr. Mershon has 
shown the fallacy of this. He brought out the point that where- 
as you might flash over and strike between the insulators and 
probably break the whole string, the power arc-over, that is, 
the arc-over on a powcr system as distinguished from a flash- 
over on a testing transformer, often improperly called a power 
arc, would probablv throw clear of the insulators 1n an instant. 
If the insulators fail it may be because a w nd is blowing at the 
time, whereas a similar flash-over clear, without adverse wind, 
might not have created any trouble. The flash over the entire 
string of insulators might have been blown into the string of 
insulators 1f 1t had been drawn in by a flash in between. 

In reference to the rain test, the 45-deg. angle test, the amount 
of water, etc., I find that many times tests are run with an ab- 
normally large amount of water, a great deal more than actual 
precipitation conditions justify, the insulators being first tested 
under actual precipitation conditions and then, if they do not 
arc over, the amount of water is increased until the insulators 
do arc over. It would seem a much better test to duplicate 
actual precipitation conditions, increasing: the voltage until a 
flash over results, because this method gives a better idea of the 
behavior of the insulators under actual conditions. It should 
be obvious to everyone that when excess water is used the in- 
formation being sought from the test is not and cannot be ob- 
tained, which is the maximum possible arc-over voltage at maxi- 
mum rain conditions and not at five times this point. 

Now considering the rain test atanangle of 45deg. If rain is fall- 
ing at 45 deg. there is considerable wind, and if the wind condition 
is not duplicated in the test, the water will stream over one disk 
to another and the insulators will flash over at much less voltage 
than they would under actual weather conditions because of 
the wind blowing the streams of water so that thev will not 
drip from one disk to the next one below it. 

Then there is another point. We have seen tests where the 
insulators were damaged because they were too far apart, whereas 
the individual test on each disk was good. Because the insu- 
lators were placed a little far apart, they flashed around the 
individual disks, whereas if they had been placed closer to- 
gether the flash would have been around the whole string. 
Also insulators are often arranged simply to meet the ideas of 
the engineers testing them, making the test a personal rather 
than a physical equation. 

In reference to the absorption, while 0.01 of one per cent 
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in porcclain is possible, I doubt whether this absorption can be 
maintained at this time in the case of large orders, because 
there is a difference in the temperature in different parts of 
the kiln, as well as in the different burnings, etc. If you de- 
mand 0.01 of one per cent absorption, I think it probable that 
the cost will be increased. 

On the basis of cost, I think also that the tests suggested 
are too long, and that too many insulators are tested. The 
purchaser wil have to pay the additional cost, it has to go 
somewhere, and 1Ї the insulators are subjected to severe tests 
and long tests, which entail some hardship on the manufacturer, 
the extra expense must naturallv be put into the price of the 
product. 

The altitude 1s not considered in the specifications, and I do 
not suppose that it should be, but a reference should be made 
so that it will be remembered by engineers sclecting insulators 
for higher altitudes. In this connection, if onlv a small portion 
of the line runs at a higher altitude it would be a hardship to 
make a specification for this altitude include all the insulators 
which arc used at the lower altitudc. 

P. H. Thomas: I think vou are right about that. 

E. M. Hewlett: Regarding the appearance of the corona at 
different altitudes—an insulator of a given design and with 
a certain size pin will show corona at a definite altitude which 
given climatic conditions, and some reference should be made 
to this so it will be considered in selecting insulators for various 
altitudes. There should be a practical specification drawn up 
for the inspector's use, so that he can determine whether the 
insulators received are made of the proper material and are of 
the dimensions called for, etc., and that they will pass certain 
electrical tests. I also believe that specifications should not 
specify the details of manufacture, because no good would be 
accomplished. It is always to the interest of the manufacturer 
to work out efficient methods of design and manufacture to 
accomplish the various purposes desired and he is often not ina 
position to manufacture, without added expense, according 
to other methods which might be specified. If you limit the 
man in the porcelain factory in the making of porcelain or seck 
to influence the way in which he handles his materials, you are 
going to handicap him seriouslv, because some clay combina- 
tions are more suitable for thick bodies and some for thin bodies, 
and the characteristics of the clay must be considered in working 
out a design for a given purpose. 

In reference to the porcelain, I have been working out different 
designs of porcelain for the last fifteen or eighteen years, and I 
agree with anything that anyone says about the varying char- 
acter of the product. We make insulators of various kinds, 
as it is necessary to do so in order to obtain the different forms 
which are required. It is often difficult, if not impossible for 
us to obtain just what we need from outside manufacturers. 
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From experience I have found that the ceramic engincers and 
foremen in charge of the porcelain factories often unintention- 
ally mislead us as to the form in which it is possible to make 
given insulators. There are many factors to be considered in 
manufacturing porcelain that do not occur in other lines, and it 
takes a great deal of experience with the design and manu- 
facture of porcelain and its uses for one to be reasonably able to 
predict what results will be obtained from various designs. 

As to the advisability in making up the strings of units 
which will not flash over before the line potential is reached, 
this may be feasible for some voltages, but it is obvious that 
after a certain voltage is passed it will not be practicable. For 
instance, it would be difficult at the present time to make up a 
string of insulators for a 140,000-volt transmission line in which 
each unit in the string could be tested to flash over at line voltage, 
140,000 volts. Such a design would be practically prohibitive. 

The specifications given for suspension insulators often call 
for strength far in excess of the strength of the conductor and 
the possible strains on the system, and consequently introduce 
a factor which may call for a design of insulator electrically 
inferior, though testing mechanicallv stronger than is necessary, 
whereas if the specifications did not call for these excessive 
strengths, better electrical characteristics could often be secured. 
It should be kept in mind that the initial strain which an insula- 
tor will stand does not necessarily prove that it will maintain 
this great strength over along period. Some insulators that have 
stood great strains at first have been known to drop the conductor 
in a comparatively short time after having been put in service 
and having been subjected to only a small portion of the original 
testing strain, due to the methods of fastening the links together. 

As to the mechanical test, I think the points made by Mr. 
Sandford and Mr. Nicholson about this are correct. I think 
they should be made as general tests, though, and only a com- 
paratively small number would be necessary to test in that way. 
You ought to test your design in that way, the same as you 
would for other designs, and then run at a proper safety factor 
and use enough strain insulating sections in multiple to get the 
desired strength. "Then as to the suspension insulator. А sus- 
pension insulator is not ordinarily called upon to stand so much 
strain as a strain insulator, even under emergency conditions, 
as the suspension insulator is nearly alwavs put on the lighter 
tower, and if subjected to the same strain as the strain insulator 
the tower would probably be pulled over. 

H. W. Crozier: I want to sav a word in regard to the matter 
of vitrification. There are two kinds of tests, one a general test 
as to the material you are going to get and another a detailed 
test of each particular piece of porcelain. "There is nothing said 
whatever in the specification about the vitrification test of each 
particular piece of porcelain. When I first learned something 
about the porcelain business, Mr. Sandford was working on the 
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same problems. We would sct up a long row of insulators for 
test and very quickly the inspector learned to pick out pieces 
of porcelain which were not thoroughly vitrified. Many pieces, 
however, were doubtful and it was found that soaking in a tub 
of water over night had a very great influence on the insulators. 
A large proportion selected by the inspector as doubtful would 
fail after the soaking test, showing insufficient vitrification. 

As has been said here, the manufacture of insulators is not 
by any means uniform, and from any one kiln you can take in- 
sulators which are very fine and right alongside of them you will 
find insulators which are not vitrified. After a little experience, 
the suspected ones are picked out and sct aside, and sent back 
to the oven and refired, and by that means the manufacturer 
saves the loss which would be caused by their failure. I would 
like to sec something put in the specification to cover this 
question of test for the vitrification of individual pieces. I 
think the best way to do that is to take the porcelain and soak 
it in water—that would be the test which I should apply. 
Whether we should require this 0.01 per cent of absorption, 
I do not know, but soaking in water will soon determine. We 
can get a porcelain insulator which will stand the electrical 
test, but we want to be certain that the insulator will not de- 
teriorate in service. In the same lot of insulators that I have 
spoken about we did have a large number of insulators de- 
teriorate in service. That was duc to the fact that the insulators 
were not thoroughly vitrified. They were made in a new factory 
and no one had sufficient experience to properly select the 
insulators which were not thoroughly vitrified. If these insu- 
lators had been soaked, I believe not many would have passed 
the test. After the linc had been in service about two years, 
one section of the line where the first four carloads were used was 
found to give a great deal of trouble due to failure of insulators. 

As to the other question raised about the strain insulators, 
in regard to the mechanical test, words have been put into my 
mouth which I did not usc. I anticipated we would use two 
different types of insulators. If wc are going to apply additional 
tests to a lot of insulators, we will naturally raise the price, so 
it would be better to have one lot of insulators for the strain 
insulators and another lot of insulators for the span insulators. 
If the span insulators are accidentally seriously loaded, and break 
in the line, that is a very serious matter, but one which should 
be carefully considered in the design. As a rule, for heavy loads 
it is better to use two or three strings of insulators in parallel 
for strain insulators. 

P. W. Sothman: The problem before us is one that cannot 
be disposed of by following ordinary thumb rules. To me, 
every insulator represents an integral part of a svstem, requiring 
a special study for each individual installation. For it is ob- 
viously impossible to select an insulator for a certain service 
and then assume that this same insulator will withstand any 
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other service under any other conditions, on the strength of 
the fact that the voltage of the line is the same. 

I believe it would not be wise to draw up specifications for 
the manufacture of insulators by setting cast-iron rules for the 
manufacture and testing. What is most needed in these speci- 
fications are well defined principal requirements. And, further, 
I believe the manufacturer and the engincer should arrive at a 
mutual understanding as to how the best results can be obtained. 
I think one of the most advantageous things from a practical 
point of view which we can undertake to do is to urge the manu- 
facturer to improve the character of the porcelain, in order to 
obtain a more uniform product. 

Mr. Peek has advanced several points which can only be 
viewed from a purely academic standpoint, and Mr. Sandford 
has given us his views from the manufacturer's standpoint. 
Mr. Sanford does not wish the engineer to settle all questions, 
but wants to give us what he thinks best and not necessarily 
what we need. I think we should specify clearly what we need. 
But do not let us step іп and tell him how to do it. It is his 
business to know that. 

With reference to the tests of the insulators, it appears that 
tests on dry and wet insulators vary considerably. I do not be- 
leve that any of our practical engineers have ever scen an 
insulator fail under a wet test, and in spite of this they still 
specify wet tests. It was pointed out, and I think it was en- 
dorsed by Mr. Sanford, that the water used for these water 
tests has a range of 100 per cent in conductivity. Mr. Mershon 
remarked that some water was a good insulator and other water 
a good conductor, and I have always found that to be the case. 
I have seen wet tests on insulators that did not leave anything 
. to be desired; however, when the insulators was tested in another 
room, it failed entirely under apparently thé same test. 

I absolutely agree with the remarks of Mr. Lincoln, who 
recommends the use of water from condensed steam. I agree 
with him that we should approximate as much as possible the 
natural conditions in specifying our tests. There is nothing 
gained by overstressing the insulator to such a point that it 
will fail soon after it is placed on theline. We want a commercial 
piece of apparatus, and for this reason we will have to be less 
academic and more practical in calling for something which will 
satisfy the operator. Now, to obtain these conditions, if the 
gentlemen who are in charge of the practical operation of a 
transmission line will join hands and heads with the insulator 
manufacturer, and study the subject thoroughly, we would be 
sure to obtain better results, and for that reason I would suggest 
that a resolution be passed turning over the work of the gentle- 
men who have presented these specifications to a committee 
to be appointed to work out the details in coóperation with the 
manufacturers, in order to avoid the danger of framing a speci- 
fication that would do more harm than good. It should always 
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be borne in mind that a chain is only as strong as its weakest 
link. The breaking down of insulators does not necessarily 
imply that the insulators, themselves, are at fault. In a good 
many cases, the trouble has its seat elsewhere. Distribution of 
stresses along the string of insulators and at their extreme ends, 
the design of cable clamps, its protection, etc., etc., all must be 
duly considered. Until all troubles and their causes are clearly 
understood and their relative valuc appreciated, both qualitatively 
and quantitatively, nothing can be ‘gained bv blindly adding 
material to an insulator with the object of making it safer against 
these causes. 

C. F. Scott: The problem scems to be a triple one: first to 
determine, by research, what it is possible to secure in the way 
of satisfactory insulators; second, to determine, by research, 
what characteristics an insulator should have in order tobe 
wholly satisfactory; and third, a commercial test to determine 
whether particular insulators mcet these requirements, and 
conditions. Тһе three elements are—research, engineering and 
commercial testing. 
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I. SPECIFICATIONS FOR RUBBER INSULATION 


DEMAND for specifications which will enable purchasers of rubber 
insulation to secure good material on the basis of competitive 
bids has existed for many years. 

In recent years, there has been no difficulty in securing insulation 
having the dielectric strength, specific resistance, elasticity and mechan- 
ical strength required in practice. Indeed, with the possible exception 
of dielectric strength, these qualities are usually in excess of actual service 
requirements. There is another quality, namely permanence, which 
although equally essential, has not been so casy to obtain. 

While the physical properties of rubber insulation are susceptible of 
positive determination by tests which can be made before acceptance by 
the purchaser, the permanence of insulation can be ascertained only in 
practice, often at great loss, inconvenience and even danger. It, should, 
therefore, be the aim of specifications to overcome this difficulty and by 
some indirect means, ensure that the manufacturers supply compounds 
having the required endurance. 

This obviously presents a difficult problem, as it requires that some 
relation be established between permanence and one or more of the prop- 
erties which are susceptible of test. It has been established by experience 
that Hevea rubber or the rubber of the Hevea Brasiliensis tree, when 
properly cured, is a superior grade which is entirely satisfactory for elec- 
trical insulation. Hevea rubber may, therefore, be specified with ad- 
vantage, although certain other rubbers of good quality may be excluded. 
The rubber has, however, to be further identified as Hevea rubber of good 
quality, the materials associated with it in the compound must be known 
to be non-deleterious and the compound itself must be well prepared, 
applied and vulcanized. 

Two types of specifications have been devised to compass these re- 
strictions. The first type of specification proceeds on the assumption 
that certain physical characteristics are developed to an unusual degree 
by the use of Hevea rubber, especially the grade known as fine Para. 
Among the qualities affected by the grade of rubber, and alleged to be 
useful indications of the presence of Para rubber, are the tensile strength, 


1. This report has been referred to the Standards Committee of the A. I. E. E. forcon- 
sideration, and is printed in the PROCEEDINGS at the request of that Committee. 
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clasticity and specific resistance. Accordingly some specifications have 
been issued іп which one or more of these qualities is specified in an exag- 
gerated degree. Experience has shown that such specifications are in- 
effective, as the specified physical quality can be obtained either by man- 
ipulation of poor compounds or at the expense of permanence in com- 
pounds made originally of good materials. In consequence of this, 
specifications based exclusively on physical tests have fallen into disrepute, 
but such tests now serve in modified form as adjuncts to other types of 
specifications. 

The second tvpe of specification to be considered is that in which a 
more or less rigid formula for the compound is specified and compliance 
with it exacted either by inspection during manufacture, or by chemical 
analysis supplemented by other tests of the finished product. Inspection 
which will really ensure compliance with such specifications is usually 
impracticable. Reliance must, therefore, be placed principally upon 
chemical analysis. Three difficulties at once arise. In the first place 
chemical analysis cannot directly ascertain the quality or quantity of the 
rubber which has been used in the manufacture of a compound; it can 
only determine these by the indirect method of measuring certain of its 
characteristic constituents. It is, therefore, necessary to present in the 
specification, a relation between the desired formula and the chemical 
findings. 

The second difficulty is that in the past, chemists have employed diverse 
mcthods of analysis which give inconsistent results. It is, therefore, 
necessary to establish a satisfactory and standard procedure for analysis. 
The method of analysis must not only yield the information desired, but 
it must also be practical and capable of yielding uniform results when 
applied to the same compound by different chemists. In order to secure 
this uniformity,it is important to describe the methods of analysis in detail. 

The third difficulty has been the non-uniform interpretation of analyt- 
ical results. 

The specification hereinafter presented 1s of the second or chemical 
type, in which an endeavor has been made to meet the three objections 
hitherto urged against such specifications. It contains a table showing 
the range of analytical results that should be obtained from a good com- 
pound containing 30 per cent of high class Hevea rubber, and is supple- 
mented by a detailed. analytical procedure. The specification. 1s not 
complete as given, it being necessary to add appropriate electrical and 
mechanical test requirements. 

The specification presented in this report should always be used in 
conjunction with the analytical procedure. The latter will, however, 
serve for the analysis of any compounds of the 30 per cent Para type with 
mineral fillers, provided the interpretation is made to correspond. 


II. STANDARDIZATION OF SPECIFICATIONS 
The necessity of purchasing insulated wire under conditions of com- 
petitive bidding led the various departments of the government, the 
railroads and other large consumers, to issue specifications for rubber 
insulation. These specifications. were based upon the individual ex- 
perience or theories of a number of engineers, aided by suggestions from 
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some of the manufacturers. For several years no attempt was made to 
standardize these specifications, and much trouble was given to the man- 
ufacturers by the diversity of requirements contained in them. In 1906, 
the Rubber Covered Wire Engineers’ Association, consisting of repre- 
sentatives of the leading manufacturers, prepared a specification. which 
was offered as a standard. This was followed in 1911 by the revised 
specifications of the National Board of Fire Underwriters, which, however, 
call for a comparatively low grade of compound. The former specifi- 
cation, although the best that could be agreed upon at that date, was so 
defective as to afford little or no protection to consumers. The latter 
occupies a field by itself, and make no pretension to specifying the highest 
quality of compound. Consumers desiring compounds of great perma- 
nence, therefore, continued to use their own specifications, altering them 
from time to time, in accordance with the best information available, 
with a growing tendency to rely upon chemical rather than physical 
tests. Some difficulty was experienced in enforcing these specifications 
owing to the inability of chemists to make concordant analyses of rubber 
compounds. This matter reached an acute stage in 1911, when Mr. E. 
B. Katte, Chief Engineer of Electric Traction of the N.Y.C. & H.R.R.R. 
Co., invited a number of manufacturers and consumers to a conference 
in order to discuss the possibility of standardizing specifications and 
analytical methods for rubber insulation. This conference was held at 
New York on the seventh of December, 1911, Col. Samuel Reber of the 
U.S. Signal Corps presiding. 

After a full discussion of the subject, a committee was appointed to 
devise a specification and an analytical procedure for rubber insulation, 
the committee to report at a future conference. 

This committee, which was originally known as the Railroads Rubber 
Committee and later as the Joint Rubber Insulation Committee, worked 
at the problem assigned to it for two years and presented a report to a 
second conference which was held at New York on October 15th, 1913, 
Col. S. Reber again presiding. The report was unanimously accepted 
by the Conference and the Committee authorized to continue in existence 
for another year for the purpose of making any revisions that might appear 
necessary in its report, as the result of a year of experience with it. 

The membership of the general conferences at which the committee 
Was appointed and to which its report was submitted, consists of rep- 
resentatives of the following interests: 

U. S. Signal Corps, 

U. S. Bureau of Standards, 
American Chemical Society, 
Lederle Laboratories, 

New York Central Lines, 
Pennsylvania R. R. 

General Electric Co. 

Hazard Manufacturing Co., 
Simplex Wire & Cable-Co., 
Standard Underground Cable Co. 

The organizations represented in the committee have been unstinting 
in devoting their unrivalled resources to this work, which could not have 
been carried out by private enterprise. 


124 SPECIFICATION FOR RUBBER 


While the acceptance of the report does not bind any of these interests 
to the official adoption of the specification and analytical procedure, most 
of the members were of the opinion that they would be adopted in due 
course. 

The Association of Railway Electrical Engineers has adopted the 
specification in its standard wire specifications, and the Power Distri- 
bution Committce of the American Electric Railway Association has 
recommended its adoption by the latter association. 

It is hoped by the Committee that other societies and users of rubber 
insulation will follow this lead and help to abolish the existing multi- 
plicity of specifications and methods of analysis. 

The Committee wishes to emphasize the preliminary character of the 
report and urges everyone interested in the subject to send to the Secre- 
tary any suggestions or criticisms which may be of value, so that such 
statements may receive consideration before the publication of the report 
in its final form. 

The Committee also desires to express its thanks to the many gentle- 
men not members of this committee, who have participated in the 
work, especially to Messrs. D. A. Cutler, F. Dannerth, F. S. Deemer, 
F. A. Hull, M. M. Kahn, G. H. Savage and D. Whipple. 


III. RUBBER 


Those who are not familiar. with the nature and sources of rubber 
may find some difficulty in understanding the report. The following 
brief outline of thes: subjects is therefore given, containing the best 
information that could be gathered. 

Rubber is derived from certain tropical trees, creepers and shrubs 
found chiefly in South and Central America, Africa, and Southern Asia. 
When certain species of these plants are tapped, a thick milky-looking 
fluid or latex exudes from them. This latex is Composed of very minute 
oil-like colorless refractive globules. Besides these fglobules, called 
caoutchouc or rubber-gum proper, which have a chemical. composition 
represented by the formula (CigHie)n, the serum contains resins, pro- 
tein and other compounds. Rubber is the coagulated latex, consisting 
of rubber-gum admixed with these impurities. 

Rubber is furnished in America principally by the Hevea, Micandra, 
Manthot, Castilloa and Hancornia plants, usually in the wild state. 

In Africa the principal plants are the Landolphia, Clitandra and Kickxta, 
also wild. 

In Asia, there are the Ficus in the wild state and the Hervea in the state 
of cultivation. 

In the Amazon valley, there are numerous species of ZZevceas, of which 
the most important is the Hevea Brasiliensis. This tree furnishes the 
most highly esteemed quality of rubber. 

The Пегеав in the Brazilian forests are cylindrical trees of an ashy 
color, from 20 to 30 meters high, and attaining a diameter of from 0.80 
to 1.20 meters. 

The usual process of tapping these trees is as follows: Incisions are made 
at about 3 to 3} meters from the ground, by means of a long-handled 
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hatchet. The object of this operation is to make the latex ascend from 
the roots, in an effort to repair the incisions. The milk that oozes out 
is mixed with bark and other impurities and is utilized to make an inferior 
grade of rubber known as sernamby. Two days afterwards, incisions 
are made 2 meters from the ground and tapping cups fastened at the lower 
part of them. The latex collected in these cups is said to be collected 
“prime” and furnishes the best rubber. On the following day, the process 
is repeated by making incisions about 7 cm. below the first, this being 
continued on successive days until the ground 1s reached. 

The rubber is coagulated from the latex by smoking. This is accomp- 
lished by putting the latex on a spatula or flat stick, and holding it over 
a fire made from wood or Urucuri nuts, the smoke of which is rich in acetic 
acid and creosote or similar oily substances. The latex is thus dried in 
successive layers until a ball or biscuit weighing from 20 to 60 kg. is ob- 
tained. The smoke acts as a coagulant, evaporates the water and at 
the same time kills bacteria, which would cause decomposition. Rubber 
prepared in this way is known as “fine Para”, but when the curds or semi- 
solidified latex deposited in the latex basin are incorporated with it, the 
quality is lowered and the product is known as ''entrefine"" or “medium 
fine". If these natural curds are collected separately, they are known as 
"coarse Para" or "sernamby"', а name which, as mentioned above, is also 
applied to rubber coagulated on the bark of the tree. Up-river Para 
rubber is fine Para collected from the Hevea Brasiliensis trees in the head- 
waters of the Amazon and its tributaries. 

The wild Hevea rubber of Brazil is shipped in biscuits which contain 
from 15 to 20 per cent of impurities, which can be removed by rolling 
and washing with water preparatory to use in manufacture. These 
impurities are absent from plantation rubbers, a circumstance which must 
he considered when the prices of wild and plantation rubber are compared. 

Several kinds of rubber trees are raised on plantations, but the most 
important kind is the Hevea Brasiliensis. Just as the rubber of this tree 
in the wild state varies slightly in composition according to its habitat 
on the upper or lower reaches of the Amazon river, so in the cultivated 
state, a similar variation exists, but to a greater degree. The principal 
source of plantation rubber is Southern Asia. 

The latex of plantation rubber is collected in much the same way as in 
the case of wild rubber, but coagulation is usually effected by the addition 
of chemicals. As such coagulation does not usually have the preservative 
effects of smoking, the better grades of plantation rubber are “сатса” 
by exposure to antiseptic smoke. 

The principal forms in which plantation rubber is prepared, are crepe 
and sheet, either of which may or may not be smoked. 

In the preparation of crepe, the strained latex is poured into pails and 
a small quantity of acetic acid is added. This curdles the latex, the curds 
rising in the serum. The resultant curd is passed between steel rollers 
under a stream of water. From this process, the rubber emerges in long, 
thin, corrugated strips, having the appearance of crepe. The process 
is completed by drying. 

For preparing sheet or biscuit, the latex is set in shallow pans, the acid 
added and the clot allowed to stand until it sets quite firm. The water 
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is then squeezed out and drying completed in hot rooms. The curds 
which do not rise with the main clot are made into an inferior grade of 
rubber. | 

Curing is effected by hanging the rubber in an atmosphere impregnated 
with creosoted smoke, thus antiseptizing the rubber. It should be ob- 
served that coagulation with acetic acid and curing with creosote chem- 
ically simulates the Brazilian process of smoking with the Urucurt nut. 

Both wild and plantation rubber are used in the manufacture of insu- 
lating compound. It is claimed that some difficulty is experienced in 
obtaining a high tensile strength with some plantation rubbers, and their 
lasting qualities have not been established as well as those of wild Brazilian 
rubber. It is, therefore, desirable, where the greatest durability is to be 
insured, that the grade of rubber should be fine Para or a plantation 
rubber of good grade which is practically indistinguishable from it by 
chemical tests, when compounded. 

Most high grade rubber compounds for insulating wire are prepared 
by mixing rubber gum with sulphur and mineral or organic fillers, such 
as paraffine wax, ozokerite, ceresine, zine oxide, talc, whiting, litharge, 
barium sulphate, and basic lead sulphate. | 

These ingredients are thoroughly mixed оп heavy steel rolls, after 
which the plastic compound is either pressed on to the wire through 
dies or applied in the form of a longitudinal strip which is pressed into 
tubular form around the wire. 

The covered wire is then placed in a chamber or vulcanizer containing 
either steam under pressure, or heated air. The duration of this heat 
treatment varies from less than one hour to several hours, depending 
upon operating conditions and the temperature, which is usually from 
120 to 150 deg. cent. Under these conditions the sulphur cembines with 
the rubber to form vulcanized rubber. This process of compounding 
and vulcanizing changes the character of the rubber so that its strength, 
insulating qualities and durability are enhanced. 


W. A. DEL MAR, 
P. POETSCHKE, 
E. L. WILLSON. 
Sub-committee on publication of report. 
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PART I—GENERAL REPORT 


1. At the Conference of December 7th, 1911, it was resolved that a 
Committee be appointed to develop a means of specifying and analy- 
zing rubber insulation, the Committee to report its findings at a future 
conference. 

2. The Chairman of the Conference, assisted bv other members, 
appointed the following to serve upon this Committee: 

Mr. C. К. Boggs, Simplex Wire & Cable Co., 

Mr. W. S. Clark, General Electric Company, 

Mr. W. А. Del Mar, N.Y.C. & H.R.R.R.Co,, 

Mr. W. B. Geiser, M Э z i 

Mr. J. P. Millwood, Consulting Chemist, 

Mr. P. Poetschke, Lederle Laboratories, 

Mr. H. B. Rodman, Pennsylvania R. R. Co. 
Later, at the request of the Committee and by unanimous consent of the 
members of the original Conference, the following were added: 

Mr. J. B. Tuttle, U.S. Bureau of Standards, 

Mr. E. L. Willson, Hazard Manufacturing Company. 
The Committee thus constituted is composed of three railroad men, 
three independent chemists, and three representatives of the manufac- 
turers. Ofthe nine members, seven are chemists and two are engineers. 

3. The Committee immediately upon its formation decided to confine 
itself to the development of a specification and an analytical procedure 
for compounds of the 30 per cent Para type. In accordance with this 
policy it considered the available analytical procedures and developed 
several which formed the basis of further study. Samples of different 
rubber compounds were analyzed by these tentative methods. The 
results were unsatisfactory and the discrepancies were investigated. Sub- 
committees were formed to do much of this work. Twelve regular 
committee meetings, besides numerous sub-committee meetings, were 
held; thirteen different compounds were distributed to be analyzed by 
the entire committee, and many more compounds were experimented 
upon by the sub-committees and individual members. 

4. The outcome of this work has been a gradual elimination of errors 
and the development of a procedure which, with experience, will give 
uniform and consistent results. 

5. The Committee feels that the procedure which it has developed 
is not perfect and believes that it should be put into use for a year before 
being offered as final. With this in view the Committee hereby presents 
to the Conference, a preliminary procedure and requests the permission 
of the Conference to publish it and obtain the results of experience with 
it during the ensuing year. The Committee proposes to avail itself of 
the experience gained in this vear and to incorporate whatever improve- 
ments it may decide upon in a final report. 
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6. The Committee has also made a study of specifications for rubber in- 
sulating compound. It presents herewith a chemical specification for 
a compound containing 30 per cent of Hevea rubber with mineral fillers 
and requests that this specification, like the analytical procedure, be 
considered as tentative. 

7. There may still exist the possibility of making compounds which 
will conform to the specification when analyzed by the procedure, but 
which are not compounded as desired. The Committee believes, how- 
ever, that the probability of such compounds being supplied is very small 
indeed. After more experience with the procedure it may be possible 
to narrow the limits prescribed in the specification. 


PART II— PROCEDURE FOR THE ANALYSIS OF RUBBER COMPOUND 
Object of the Analysis 


1. The object of this procedure of analysis is to determine whether 
rubber compounds comply chemically with the accompanying specifi- 
cation which 1s intended to secure compounds containing 30 per cent of 
the best Herea rubber, and mineral fillers. 


TWO 2 GRM. SAMFLES CF RUGSER 


(MAKE ACETONE EXTRACTIONS) 
ACETONE ektnact үутттко) mo ME 


(SAPONIFY WITH KOH) (MAKE CHLOROFORM EXTRACTION) 
UNSAPONIFIABLE MATERIAL ALKALI SCLUBLE ACETONE EXTRACT RESIDUE CHLOROFORM EXTRACT 
(DISSOLVE ім ALCOHOL) {TREAT "mi KNO, ETC) (SArONIFY WITH KOM) 
INBOLOGLE SOLUBLE FREE SAPONIFIAGLE ACETONE RESIDUE @APONIFIADLE 
.HYOROCARDQNO _ UNSAPONIFIAGLE SJLPMUR EXTRACT EXTRACT 
A MATETIAL (TREAT WITH HC! AND ETHER) 


(TREAT WITH CCI, 4 M. 80) 


RESIDUAL KOH EXTRACT 


UNSAPORIFIADLE BYDP OCARBONS SOLUTION 
RESING 8 
TOTAL WAXY HYDRCCAFEONS =A-B WEIGH GUBSTANCES WITH NAMES UNCERLINED 


OTHER SUGSTANCES BY DIFFERENCE 


DIAGRAM A.—OUTLINE OF METHOD OF RUBBER ANALYSIS EXCLUSIVE OF 
FILLERS AND SULPHUR DETERMINATIONS 


Outline of Procedure 


2. The general procedure is shown by the accompanying diagram A, 
which gives an outline of the separations to be affected by acetone and 
chloroform extractions, and saponification with alcoholic potash. 


General 


3. Make the analysis upon the insulation after vulcanization and, 
whenever possible, before the saturation of the braid. Wipe the insu- 
lation thoroughly with a damp cloth to remove any adhering material, 
but do not remove waxy hydrocarbons from the surface. 

4. If, however, a saturated braided sample must be used, remove the 
braid and sandpaper the insulation to a depth of at least 5/1000 of an 
inch and wipe with a damp cloth. In such cases report the condition 
of the sample. 

5. Perform all determinations in duplicate and take the average value 
arbitrarily as the true value. Duplicate determinations must check 
within the limits specified. 

6. Make blanks on all determinations and deduct the results accord- 


ingly. 
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Sample 
7. Remove the insulation entirely from sufficient wire to give a sample 
weighing about 25 grams. Cut this into small strips and grind slowly 
in either a No. O Enterprise coffee mill or a mill such as shown by the 


! 
2.38 


————————%.14 


GRINDING PLATES OF THE NO.0 
ENTERPRISE COFFEE MILL TO BE USED 
DIAGRAM B.—RUBBER GRINDER 
(All dimensions in centimeters) 


accompanying diagram B. Adjust the grinder so that not more than 
20 per cent will pass through a 40-rnesh sieve. Sift all the material through 

a 20-mesh sieve, regrinding what is 
leap retained on the sieve until the entire 
| sample has passed through. Тһе 


+ ‘auu. ovreoc o, Wires ОР the sieves shall be evenly 
BLCCK TIN TUBING 


3A^7k mun T7357 ki- жасан A spaced in both directions and shall be 
тоте: ' of 0.016 and 0.010 inches diameter іп 
3 | the 20 and 40 mesh sieves respective- 
| ly. Remove with a strong magnet 
ызаны. а | any metal that may have come from 
ре deque а ү ене the grinder and thoroughly mix the 
#23 “H lh sample. 
ЕСЕР | | v» | | Extraction Apparatus 
T sijlla) oxi] ee ra 8. The extraction apparatus shall 
exo © Se in PP 
1. | AE * conform with the accompanying dia- 
st J @ | | ' | gram C. It shall be heated so that 
224-14 --% ЭМ. \ the period of filling an empty syphon 
| ЖРК | сар with acetone and completely 
n ı emptying it, will be between 24 and 
(X. Ее ИК * 34 minutes. 
je M —— ——» Preparation of Reagents 
DiaGRAM C.—RUBBER ANALYSIS 9. Acetone shall be freshly distilled 
EXTRACTION APPARATUS over anhydrous KCO; using the 


(All dimensions in millimeters) fraction 56-57 deg. cent. 
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10. Alcoholic KOH solution shall be of normal strength and shall be 
made freshly by dissolving the proper amountof KOH (purifiedby alcohol), 
in 95 per cent alcohol which has previously been distilled over KOH. 
The solution shall be allowed to stand for 24 hours and only the clear 
liquid used. 

11. Ether shall be washed with three successive portions of distilled 
water and distilled, using the fraction 34-36 deg. cent. 

12. Chloroform shall be pure and freshly distilled. 

13. Carbon tetrachloride shall be pure and freshly distilled. 

14. Reagents not otherwise specified shall be c.p. 


Acetone Extraction 


15. Extract continuously with 60 cu.cm. acetone for eight hours, 
two 2-g. samples that have been prepared within 24 hours. Unite the 
extracts in a weighed flask, using hot chloroform to rinse the flasks. Dis- 
till off the reagents and dry the flask and contents for four hours at 95- 
100 deg.cent. Desiccate until cool and weigh. Continue to dry for two- 
hour periods until constant weight is obtained. In drying, place the flask 
on its side but at a sufficient angle from the horizontal so that the extract 
does not appreciably run down the side of the flask. 


Unsaponifiable Material 


16. Add to the acetone extract 50 cu. cm. alcoholic KOH solution, 
boil under a reflux condenser for two hours, and evaporte to dryness, 
removing all alcohol. Add 10 cu.cm. water and 20 cu.cm. ether; heat 
until the wax etc. are in solution, cool, transfer to a separatory funnel, 
wash out the flask with warm water and then cool, finally with two 20cu.cm 
portions of ether. Тһе water volume should be 100 cu.cm. and the ether 
at least 40 cu.cm. Shake vigorously for two minutes, and allow the solu- 
tions to separate thoroughly. Draw off the aqueous solution into a 
second funnel, leaving in the first funnel the etherial solution and any floc- 
culent material that may be present. Again rinse the flask with 20 cu.cm. 
ether and add it to the aqueous solution; shake vigorously for two min- 
utes, and when separated draw off the aqueous solution and unite in the 
first funnel the etherial solutions and any flocculent material. Repeat, 
shaking with 20 cu.cm. portions of ether until the extraction is complete, 
using at least 120 cu.cm. ether. Wash the flask and the funnel, from 
which the etherial solution has been taken, with water, until thev are 
free from alkali, subsequently using this wash water to wash the etherial 
solution. Continue washing with water until it has been washed twice 
after it shows no alkaline reaction. Retain with the etherial solution 
any flocculent material. Filter the etherial solution from the flocculent 
material, through a small pellet of extracted cotton, into a weighed flask, 
washing first with ether and subsequently with hot chloruform, using 
this to rinse the original flask and both separatory funnels. Evaporate 
the solvents and dry the extract to constant weight at 95-100 deg.cent; 
desiccate until cool and weigh. 


Hydrocarbons A 


17. Add 50 cu.cm. absolute alcohol to the unsaponifiable material 
and warm until solution is as complete as possible. Cool the solution to 
—4or—5 deg.cent. and maintain at this temperature for one hour by pack- 
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ing the flask in a mixture of ice and salt. Filter out the waxy hydro- 
carbons, using a funnel packed with ice and salt, and apply suction if 
necessary. Wash the flask and filter with about 25 cu.cm. of 95 per cent 
alcohol, which has been previously cooled in the same temperature. 
Catch the filtrate in a flask which is afterwards cooled to — 4 or — 5deg.cent. 
to make sure that all possible waxy hydrocarbons have been removed, 
and refilter if necessary. Dissolve the residue on the filter paper with 
hot chloroform, into the original flask. Evaporate the chloroform and 
dry the flask to constant weight at 95-100 deg.cent.; cool in a desiccator 
and weigh. 
Hydrocarbons B 

18. Evaporate the alcohol from the flask containing the alcohol 
soluble unsaponifiable material add 25 cu.cm. carbon tetrachloride and 
transfer to a separatory funnel. Shake with conc. HeSO,, drain off the 
discolored acid and repeat with fresh portions of acid until there is no 
longer any discoloration. After drawing off all the acid, wash the carbon 
tetrachloride solution with repeated portions of water until all traces of 
acid are removed. Transfer the carbon tetrachloride solution to a weighed 
flask; evaporate off the solvent and dry the flask to constant weight at 
95-100 deg.cent. Cool in a desiccator and weigh. 


Free Sulphur 
19. Add two grams KNO; to the aqueous solution and washings from 
the etherial separation of the unsaponified material. Evaporate to dry- 
ness in a silver or nickel dish and heat to quiet fusion, avoiding contamin- 
ation with sulphur fumes. Transfer with water to an evaporating dish, 
acidify with HCl, evaporate to dryness, and dehydrate silica. Add 
2 cu.cm. conc. HCl, take up in water, filter and wash, making a volume 
of 200 cu.cm. Heat to boiling and add slowly a slight excess of hot 10 
per cent BaCl solution. Allow to stand over night, filter, wash, ignite, 

weigh the BaSO, and calculate to sulphur. 


Definition of Terms Describing Compounds of Acetone Extract 

20. The difference between the Acetone Extract and the Free Sul- 
phur shall be called the Organic Extract. 

21. The difference between the Organic Extract, and the Unsaponi- 
fiable Material shall be called the Saponifiable Acetone Extract. 

22. The sum of the Hydrocarbons A and B shall be called the total 
Waxy Hydrocarbons. 

23. The difference between the Unsaponifiable Material and the Waxy 
Hydrocarbons shall be called Unsaponifiable Resins. 


Chloroform Extraction 

24. Extract continuously the residue from one of the acetone extrac- 
tions, (without necessarily removing the acetone that may be on it), for 
four hours with 60 cu.cm. chloroform, using a weighed flask.  Distill 
off the solvent and dry the flask and contents for two hours at 95-100 deg. 
cent. Desiccate until cool and weigh. Continue to dry for one hour 
periods until constant weight is obtained. In drying, place the flask on 
its side but at a sufficient angle from the horizontal so that the extract 
does not appreciably run down the side of the flask. (If it is needful to 
wait after the acetone extraction, before starting the chloroform extrac- 
tion, the sample must be kept in a vacuum of at least 50 mm. of mercury.) 
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Alcoholic Potash Extraction 

25. Dry the residue from the chloroform extraction at 50-60 deg.cent., 
put into a 200-cu.cm. Erlenmeyer flask with 50 cu.cm. alcoholic KOH 
solution and boil for four hours under a reflux condenser. Filter the 
solution into a beaker and wash twice, using each time 25 cu.cm. hot 
absolute alcohol and then wash thoroughly with hot water. Evaporate 
the solution to approximate drvness, take up in warm water and transfer 
to a separatory funnel. Acidify with 15 cu.cm. 5 normal HCl, using 
this to rinse the beaker. Add sufficient water to make the bulk of the 
solution 100 cu.cm. When cool add 40 cu.cm. cther, using it to rinse 
the beaker in 20-cu.cm. portions. Shake the aqueous and etherial solu- 
tions thoroughly. After complete separation, draw off the aqueous 
solution and treat in another separatory funnel, with a fresh 20-cu.cm. 
portion of ether. Continue to shake the aqueous solution with fresh 
portions of ether until a colorless portion has been obtained, then shake 
out twice more. Unite the etherial solutions and wash with successive 
additions of water, continuing twice after the water shows no acid reac- 
tion. Filter through a plug of extracted cotton into a tared flask, wash 
the filter and funnel with ether, evaporate the ether without boiling and 
dry the residue to constant weight at 95-100 deg.cent. Cool in a desic- 
cator and weigh. 

Fillers 

26. Extract a 1-g. sample with acetone for five hours. Transfer the 
residue to a tall lipped 200-cu. cm. beaker, add 40 cu.cm. terebene and 20 
cu.cm. xylol and heat on an oil bath at 105-110 deg.cent. for about 20 
hours, or until the bulk of the fillers settle promptly after stirring. Ос- 
casional stirring will aid the solution. Allow the beaker to stand until 
the fillers and undissolved residue have settled thoroughly and decant 
the supernatant solution into a beaker. Addtothe undisturbed residue 
30 cu.cm. terebene; heat for several hours, allow to settle, decant, unite 
the decanted solutions and repeat this treatment as long as there is any 
indication of rubber being present. Continue to heat the decanted solu- 
tions during the further treatment of the undissolved residue and filter 
them through a tared filter paper. This filter paper must be of close tex- 
ture and shall have been washed with terebene, alcohol and acetone. 
The tare filter shall be treated with the same solvents and dried in the 
same manner throughout the analysis as the filter containing the residue. 
Weigh all filter papers in weighing bottles of sufficient size to take them 
without folding. Refilter if mineral matter runs through. Wash the 
beaker that contained the decanted solutions and the filter paper, with 
benzol, using a second beaker to catch the filtrate. Add benzol to the 
beaker containing the residue, heat and after scttling decant, repeating 
this treatment with benzol until itis thoroughly washed. Filter and wash 
well with benzol. Wash in the same manner both beakers with hot 
alcohol and then transfer the residues to the filter paper, using hot alcohol 
and an acetone extracted policeman. Wash finally with acetone. Dry 
in air at 95-100 deg.cent. and weigh. Again wash the filter paper and 
contents with benzol and alcohol, dry, weigh and repeat this treatment 
until constant weight is obtained. Evaporate all the filtrates and wash- 
ings, transfer to a porcelain dish, burn off and weigh. Add this amount 
to the fillers found above. If this ash is greater than 1 per cent, the entire 
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determination shall be repeated. Subtract 0.5 per cent as anarbitrary value 
for the amount of organic matter from the rubber retained with the fillers. 


Sulphur in Fillers 
27. Transfer the fillers from the filter paper into an iron crucible; 
burn the filter paper and add the ash to the crucible. Add the Total 
Sulphur flux and proceed with the determination of sulphur as in Section 
28, Total Sulphur. Subtract the percentage of sulphur found from the 
percentage of fillers to determine the percentage of fillers free from sulphur. 


Total Sulphur 

28. Mix a 0.5-g. sample with 4 р. Na>s02 and 6 g. KCO; in a dry 15- 
cu.cm. iron crucible. Cover and heat gradually until the mixture fuses, 
proceeding cautiously, as rapid heating will cause an explosion, and then 
bring to quiet fusion for 15 to 20 min. Apply the heat so as to avoid 
contamination with sulphur fumes. Rotate the crucible while the melt 
solidifies. When cool, put crucible and cover into a casserole containing 
200 cu.cm. of water; add 5-10 cu.cm. bromine water and boil until the 
melt is dissolved. Allow the precipitate to settle, decant the liquid 
through a thick filter and wash the residue with hot water. Acidify the 
filtrate with HCl, evaporate to dryness and dehydrate silica; add two cu. 
cm. conc. HCl., take up in water, filter and wash, making the total volume 
about 400 cu.cm. Heat to boiling and add slowly a slight excess of hot 
10 per cent BaCl4 solution. Allow to stand over night, filter, wash, 
ignite, weigh the BaSO, and calculate to sulphur. 


Specific Gravity 
29. The specific gravity shall be the ratio of the weight of a given 
volume of the rubber, to the weight of an equal volume of water, both 
at 20 deg.cent. Cut strips of the largest applicable size from the con- 
ductor and use about 5 g. for the sample. Determine the specific 
gravity in the usual manner by means of a specific gravity bottle. Care 
must be taken that no air bubbles adhere to the sample. 


Checks 
30. Specific gravity determinations shall check within 0.01. The 
other duplicate determinations shall check within the following limits 
expressed as percentages of the original sample. 


Determination Check 
Acetone Extract... uuu ashes ea apu betas ER ee Mau 0.10 
Saponifiable Acetone Ехїгасї................................ 0.10 
Unsaponifiable Кесіпв....................................... 0.10 
Waxy НуйгосагЬоп$............................... 555555.» 0.10 
Pree Sulphur: os га ek oak dS EN EOS a En dE EE 0.05 
Chloroform Ехїтасб моз ev pew dad bale ses ЫК Sia EG Sa 0.10 
Alcoholic Potash Ехтгасі.................................... 0.10 
Fillers; free from sulphur.................... hs cee es eee ee eae 0.50 
Total Sulghut sys sss dee 5% 5 УР Сөж ie — Á— 0.10 

Interpretation 


31. The Rubber shall be considered to be the difference between 100 
and the sum of the Waxy Hydrocarbons, Total Sulphur and the Fillers 
(free from sulphur), expressed as percentages. If the Chloroform Ex- 
tract is over 3.0 per cent of the rubber so calculated, subtract the excess 
from the Rubber. If the KOH extract is over 1.8 per cent of the Rubber, 
as first calculated, subtract this excess also from the Rubber. 
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Carbon and Red Lead 

32. Heat about onc g. of the sample with 30 cu.cm. conc. HNO; and 
15 cu.cm. water. A black insoluble residue indicates the presence of 
carbon. 

When the rubber is dissolved, in the fillers determination, the absence 
of any red particles indicates the absence of red lead. If red particles are 
present, dissolve another sample bv the same method as the fillers (Sec- 
tion 26), filter the solution into a Gooch crucible and wash thoroughly. 
Remove the felt and residue to a distilling flask, add НСІ, and distill over 
the chlorine liberated by the lead peroxide, absorbing the gas in a solu- 


N 
tion of KI and starch. Not more than 0.1 cu.cm. 10 thiosulphate shall 


be required to titrate the iodine liberated. 


Statement of Results 
33. The results of the analvsis shall be stated in the following form: 
Per cent 
Acetone extrat oon e ms D E ws АМ dee Rr E dE E ATA S 
Saponifiable acetone ех(гасї{............................... 
Unsaponifiable resins i. sc secs Gowen ee we weenie eee wed www ы» 
Waxy Hy drocarbonsic ots RED S eb om ees 
Bree SU ONG 552456 уха Pe Ree aes Bees wee ahs 
Chlorotorm extracts es koci ACA RU VERSER NEED eee ees 


Color of acetone extract (60 cu.cm. vol.) ...................... 
Fluorescence in acetone extract solution (present or absent)... ... 
Hydrocarbons A (consistency and color)....................... 
Hydrocarbons B (solid or Палід)............................. 
Color of chloroform extract (60 cu.cm. vol.)................... 
Carbon (present or аБвепб).................................. 
Red Lead (present or аБвепб)............:................... 
Specife Gravy eos ss sas curare dee ROMS arie wt CHATEAR Ro ЖЫ 


PART IIIL—ExPLANATION OF PROCEDURE 


General 

1. The Committee felt the more acceptable solution of its problem 
of drawing up a procedure which would give the percentage of rubber 
present in a compound with a reasonable degree of accuracy, to be the 
perfection and amplification of the difference method rather than the 
development of a direct method, which if equally correct, might not in- 
spire confidence because of the comparative novelty of its application 
to this purpose. | 

2. The most feasible means of limiting the kind of rubber, was con- 
sidered to be the determination of the saponifiable and. unsaponifiable 
resins. These are fairly constant characteristics of the resins of Hevea 
rubber, and of compounds made from the same. Other methods, such 
as the determination of the saponification number and the optical activity 
of the resins, were thought to be unpractical. 

3. The method as developed 1s applicable to the analysis of any pure 
rubber compound containing only mineral matter with or without cere- 
sine or paraffine wax, regardless of the kind or amount of rubber, and can 
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be used in conjunction with other specifications provided the limits are 
changed to correspond with the amount and kind of rubber desired, and 
due consideration is given to interfering mineral matter. When applied 
to a compound without ceresine or paraffine wax the unsaponifiable 
acetone extract is the unsaponifiable resins. 

4. The method has been definitely described, to make it certain that 
experienced chemists may obtain concordant results. The interpreta- 
tion has been rigidly defined, obviating any ambiguity as to the meaning 
that will be assumed, fven though this sometimes appears to be arbitrary. 


Sample 
5. In order to obtain uniform results, the Committee has established 
by experiment that a definite method of sampling has to be adopted and 
that for all extractions the sample must be reduced in a prescribed manner 
to at least an approximately similar degree of fineness. For this reason 
the procedure specifies a definite type of grinder obtainable in two forms, 
and also specifies definite sieves. 


Extraction A pparatus 

6. The Committee hàs proved that the extraction apparatus used 
by different chemists must be of exactly the same form and the same size. 
It was also proven that small samples in the apparatus give the maximum 
results and that the rate of extraction is dependent upon the amount of 
solvent and its temperature as it passes through the sample. The 
apparatus finally adopted combines the advantages of several forms that 
were studied and together with simplicity of operation and adjustment 
to uniform conditions, gives practically complete extraction when used 
as specified. A number of other variations that might have a possible 
effect upon the amount of extract, were tried but found to be inappreciable. 


Acetone Extraction 

7. The extraction is made within 24 hours of the preparation of the 
sample, so obviating any appreciable oxidation. Two samples are ex- 
tracted and united, so that a larger amount of extract may be obtained 
for the subsequent separations, and the extraction apparatus kept within 
a convenient size. Hot chloroform is used to facilitate the complete 
transference of the extract. The flasks are placed on their sides when 
drying, to hasten the emission of the solvent and thus reduce chance of 
volatilizing, through longer heating, some of the more volatile constitu- 
ents of the extract. Drying in vacuo at room temperature, does not 
remove all the moisture if paraffine is present and such drying with heat 
or at 100 deg. cent. in aninert gas, presents no practical advantage over 
the method given. 

Separation of the Acetone Extract 

8. The method given was devloped so that all the desired constituents 
could be determined on one sample. 

9. Emphasis is laid on thorough extraction of the unsaponifiable 
material and the retention of the flocculent material with the etherial 
solution. This latter material is not soluble in either ether or water, 
but it was proven that if such as was chloroform-soluble was included in 
the unsaponifiable material, the subsequent determination of the hydro- 
carbons would be more exact. A portion of this flocculent material is 
insoluble in chloroform. 
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10. The hydrocarbons are determined in two places, making an 
approximate separation between the solid and the liquid ones, if both are 
present. The first hydrocarbons (А) are those insoluble in the solvent 
at a low temperature. The presence of unsaponifiable resins in the solu- 
tion prevents the more complete freezing out of the hydrocarbons, but 
the remainder is obtained after treatment of the resins with sulphuric acid. 
In this way, chance of loss through the action of the acid has been largely 
eliminated. | Ç 

11. The method for free sulphur gives all the sulphur in the acetone 
extract with the exception of negligible amounts which may be in the 
unsaponifiable material. It was proven that the results agree with de- 
terminations made directly on other acetone extracts. 

12. The saponifiable and unsaponifiable resins are obtained by dif- 
ference. 

Chloroform Extraction 

13. Тһе chloroform extraction should be made at once after the ace- 
tone extraction, or the sample put in a vacuum, so as to avoid the danger 
of an abnormally high extract. When the extract 1s dried as specified, 
constant weight is obtained before any appreciable oxidation occurs. 
If bituminous substances are present, that portion which has not been 
extracted bv the acetone, will be largely soluble in chloroform and can 
be readily distinguished by its color. The amount of extract is also 
affected by the presence of uncured rubber and rubber of low degree of 
polymerization. А properly cured Hevea compound will always give а 
little extract with chloroform, which varies somewhat with the method 
and conditions of cure. 

| Alcoholic Potash Extraction 

14. The alcoholic potash extraction is the usual saponification process 
for obtaining the fatty acids of rubber substitutes. The total amount 
of such substitutes is not obtained, but if any appreciable amount is 
present, the value will exceed that of the limit allowed. When no sub- 
stitutes are present, this determination alwavs yields a small amount of 
extract from Hevea rubber. 

Fillers 

15. Since the rubber is determined by difference, it is necessary to 
determine the amount of fillers. Ashing the compound gives accurate 
results provided no volatile or decomposable fillers are included. This, 
however, cannot be assumed to be the case. The determination of fillers 
by using solvents to dissolve the rubber, has always presented a difficult 
problem and it is only after a great many experiments that the Com- 
mittce can report a reasonably satisfactory method. 

16. Many kinds and probably every class of rubber solvents were 
tried, with the result that some did not completely dissolve the rubber 
at low temperatures and ordinary atmospheric pressure;others appeared to 
dissolve the rubber, but formed a colloidal solution holding some of the fill- 
ers which could neither be filtered nor centrifuged clear of mineral matter, 
and the ones that did not present these difficulties consumed much time. 

17. Terebene was found to be the solvent which would most com- 
pletely dissolve the rubber and after continued heating would completely 
destroy the rubber in solution as such, and so break up the colloidal solu- 
tion. Filtering out the mineral matter is then a comparatively simple 
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process. The treatment with terebene must be performed in the presence 
of air to break up the colloidal solution. А disadvantage of using terebene 
is the length of time required to obtain satisfactory solution. The speed 
is greatly hastened if at first xvlol is used with the terebene. After de- 
canting this solution, terebene is used alone. The rapidity of the action 
is also hastened by increasing the temperature. That specified gives 
reasonable speed without serious danger of carbonizing the rubber or 
of losing any of the fillers by decomposition. 

18. It was proven that there is organic matter derived from the rubber, 
which is insoluble in the solvents and remains with the fillers. Without 
taking this into account, the fillers will appear high, and the rubber by 
difference, low. As this organic matter was proven to be largely proteid 
matter, and this was originally a part of the rubber, an allowance is made 
for it. This 15 the amount generally retained when the method is carried 
out as specified. It is possible, by centrifuging, to throw out of the solu- 
tion a great deal more than this, and it is also possible to determine the 
approximate amount retained in each case, but the slight increase in 
accuracy does not justify the extra determination. 

19. Most of the details of this procedure are self-evident, but it is 
probably worthy of note that the benzol solutions are filtered into a 
separate beaker, as otherwise the benzol is apt to precipitate, from the 
terebene solution, organic matter which may be mistaken for mineral 
matter or conceal mineral matter passing through the filter. The fil- 
trates are ashed since traces of mineral matter are always found in them. 
Emphasis must be laid upon the necessity of conducting blanks on the 
solvents. . 
Sulphur in Fillers 

20. The sulphur in fillers is determined in order to calculate the rubber 
by difference. It is carried out only on the fillers obtained on the filter 
paper, the sulphur in the ash from the filtrate and washings, being neg- 
ligible. 

Total Sulphur 

21. Several methods for total sulphur were tried. The method given 

was found to yield accurate results. 


Interpretation of Results 

22. Emphasis is laid on the method of calculating the results. The 
saponifiable acetone extract and the unsaponifiable resins are considered 
to be parts of the rubber. "The chloroform and alcoholic potash extracts, 
when within the limits specified, are also so considered. It has been ex- 
plained that the proteid matter with the fillers has been allowed for, since 
it also is a part of the rubber. The fillers are calculated sulphur-free, 
so that the sulphur will not be subtracted twice. ХоаПомапсе is made 
for the ash in the raw rubber as it is considered to be negligible. This 
method of calculation has to be adopted if the rubber found is to agree 
with that originally put into the compound. 


Moisture 
23. A determination of moisture is not given, as electrical tests will 
detect its presence if in excess. If electrical tests are required, the error 
introduced by the omission of this determination, is very small. 
Note: With a procedure of this length it is impossible to explain every 
detail without undue elaboration and the Committee wishes to point out 


138 SPECIFICATION FOR RUBBER 


that while to experienced chemists the procedure may seem overburdened 
by detail, yet every specified detail was found necessary in order that the 
conditions essential to accurate and consistent work might be reproduced 
by all chemists using the procedure. For this reason it is extremely 
important that all instructions be observed even if their significance is 
not perceived by the individual chemist. It will probably be found that 
even with the instructions properly observed, some experience will be 
needed to apply the method successfully. 


PART IV—SPECIFICATION FOR 30 PER CENT HEVEA RUBBER COMPOUND 


1. A 30 per cent fine Para or smoked first latex Hevea rubber compound 
with mineral base, shall be furnished. It shall contain only the follow- 
ing ingredients: 

Rubber. 

Sulphur. 

Inorganic mineral matter. 

Refined solid paraffine or ceresine. 

2. It shall not contain either red lead or carbon. 

3. The vulcanized compound shall conform to the following require- 
ments, when tested by the procedure of the Joint Rubber Insulation 
Committee. 

(a) Results to be expressed as percentages by weight of the whole 
sample: 


Maximum Minimum 
Rubber. ui cosi eed hd e Uo er ios 33 30 
Waxy hydrocarbons............................ 4 
Free Sulphup уж оа бұла лае Р 0.7 


(b) Results to be taken between the limits given in proportion to 
the percentage by weight of rubber found: 


Limits allowed for 30 per cent Rubber Compound. Maximum Minimum 


Saponifiable acetone extract..................... 1.35 0.55 
Unsaponifiable тезїп5........................... 0.45 
Chloroform ехїгас&............................. 0.90 

Alcoholic potash ехїгасї......................... 0.55 

Total sulphur (see note 2)....................... 2.10 E 
рес Перга ун e qe RACER C aD a M 1.75 
Limits allowed for 33 per cent Rubber Compound. 

Saponifiable acetone extract..................... 1.50 0.60 
Unsaponifiable гевіпв........................... 0.50 
Chloroform extract es. cese ROW Ree pa quway 1.00 

Alcoholic potash ехїгасї......................... 0.60 

Total sulphur (see note 2)....................... 2.30 ins 
Specific gravity ossia ves Rd X Дик же а КАЛК eaa Р 1.67 


4. The acetone solution shall not fluoresce. 

5. The acetone extract (60 cu.cm.) shall be not darker than a light 
straw color. 

6. Hydrocarbons shall be solid, waxy and not darkerthanalight brown. 

7. Chloroform extract (60cu.cm.) shall be not darkerthan a straw color. 

8. Fallure to meet any requirement of this specification will be con- 
sidered sufficient cause for rejection. 

9. Contamination of the compound, such as by the use of impregnated 
tapes, will not excuse the manufacturer from conforming to this specifi- 
cation. 

Note 1: This specification shall be supplemented by appropriate 
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clauses relating to tensile strength, elasticity, insulation resistance and 
dielectric strength. 

Note 2: The limit on total sulphur may be omitted at the option of 
the purchaser. See Part V of Report. 


Part V—EXPLANATION OF SPECIFICATION 

1. Experience has shown that compounds which upon analysis, show 
the characteristics of good Hevea rubber, may be relied upon to be more 
permanent than those made of rubber of other grades. It is not affirmed 
by the Committee that a compound which conforms with this specifi- 
cation, is necessarily permanent, or that a better compound cannot be 
made, but it is believed that enforcement of the specification will limit 
the use of inferior materials and that it will put the manufacturers more 
nearly upon an equality of endeavor, where they can use their experience 
to obtain the best results. Used in connection with the analytical pro- 
cedure, the specification will enable purchasers to order a good compound 
and to ascertain with a greater certainty than herctofore, whether the 
material received, represents the compound specified. 

2. The term Hevea applied to rubber means rubber from the Hevea 
Brasiliensis tree whether wild or cultivated and regardless of the locality 
in which it has been grown. Para rubber is Hevea rubber which has been 
shipped from the port of Para, Brazil, and comes in several grades. 
Smoked first latex Hevea rubber is a high grade of plantation rubber which 
is collected prime and consists entirely of rubber which has risen in the 
settling vats. It is coagulated chemically and smoked in order to give 
it a hard cure, which ensures the greatest durability. The rubber required 
by this specification should be Hevea rubber of good quality, such a fine 
Para or smoked first latex plantation rubber. 

3. Carbon is excluded because it is considered, by some purchasers, 
to be deleterious. 

4. Red lead is excluded because of the possibilities of its deleterious 
effects on the rubber. 

5. Ozokerite is prohibited because the acetone extract obtainable 
from it interferes with the separation of the acetone extract obtainable 
from the rubber, thereby vitiating the assay of the rubber extract. This 
prohibition is unimportant to the manufacturers, as ceresine, which is 
permitted, is the essential constituent of ozokerite. 

6. An upper limit is placed upon the rubber in order to prevent the 
attainment of electrical and mechanical strength by the use of an extra 
quantity of inferior rubber whose lasting qualities might not besatisfactory. 

7. The hydrocarbons are limited owing to their tendency to separate 
from the compound and thus possibly cause porosity. 

8. The free sulphur is limited because an excessive amount may be 
deleterious. 

9. The maximum limit on the saponifiable acetone extract is to pre- 
vent the use of raw or reclaimed rubber with high saponifiable extract. 
The minimum limit assists in forcing the use of Hevea rubber, since it 1s 
characteristic of the acetone extract from Hevea rubber to be largely 
saponifiable. 

10. The unsaponifiable resins are limited because a low proportion 
of unsaponifiable resins is characteristic of Hevea rubber. А high result 
might be due to the presence of reclaimed rubber. 
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11. The chloroform extract 1s limited, first to prevent the use of bi- 
tuminous substances, and second, to limit depolymerized and under- 
cured rubber. 

12. The alcoholic potash extract is limited to prevent the use of 
saponifiable rubber substitutes. 

13. The specific gravity is limited to reconcile the specification of 
ingredients by weight with the practise of purchasing material by volume. 

14. Fluorescence of the acetone solution is prohibited as it indicates 
the presence of mineral oils. 

15. The color of the acetone extracts is specified to conform with the 
normal color of the extract from Hevea rubber. A darker color indicates 
adulteration or an inferior grade of rubber. 

16. The hydrocarbons are required to be solid in order to prevent the 
use of oils and paraffine of low melting point. The shade required is 
that obtained from paraffine wax or ceresine. If hydrocarbons B are 
liquid this would indicate reclaimed rubber softened with mineral oil, 
or a poor grade of paraffine. 

17. The color of the chloroform extract is specified to conform with 
the color of dissolved gum in minute quantities. The presence of bi- 
tuminous substances would be indicated by a brown or black color. 

18. It would be desirable that the sulphur of vulcanization be limited 
to exclude reclaimed rubber,’ which contains the sulphur of its previous 
vulcanization, but the Committee has not yet developed an acceptable 
method for determining this quantity. It is, therefore, confronted with 
the choice of either placing a limit on the total sulphur or giving up the 
attempt to exclude shoddy by sulphur limitation. Option is therefore 
given to the purchaser to insert or omit the limit on total sulphur. Such 
insertion will at times exclude reclaimed rubber and the Committec be- 
lieves it possible to make a suitable compound with this limitation. The 
Committee thinks that a sulphur limit positively excluding reclaimed 
rubber, would place too great a hardship, in other ways, on, the man- 
ufacturers. Where the specification 1s used with no total sulphur limit, 
the use of many kinds of, or much, reclaimed rubber, will be guarded 
against by the limits of the various components of the acetone extract. 
When the limitation on total sulphur is omitted, sulphur-bearing fillers, 
which possess certain advantages, may be used. 

19. This specification should be supplemented by appropriate elas- 
ticity and tensile strength tests, in order to add to the assurance that good 
rubber has been used and that the vulcanization process has been properly 
carried out; also by appropriate electric stress and resistance tests, to 
assure proper insulating qualities and homogeneity of structure. The 
exact values of the limits for these tests will depend upon the use to which 
the material is to be put. 
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OUTDOOR VS. INDOOR SUBSTATIONS 


BY ALEXANDER MACOMBER 


ABSTRACT OF PAPER 


The development of the outdoor substation vs. the indoor 
type is an interesting commentary on the adaptability of engi- 
neering progress to new fields and the subiect is briefly recapitu- 
lated in this paper, in line with the developments and applica- 
tion of this branch of transmission work. 

The causes for development of this apparatus, together with a 
general description of the classes of apparatus involved which 
have been changed to meet new conditions, are given. The 
арр канон of the indoor vs. the outdoor substation to services 
of different character is indicated, and the tendencies for the 
future briefly touched upon. A comparison of the advantages 
and disadvantages of the types considered is outlined. 

In general, it appears that the equipment for outdoor installa- 
tions has been successfully developed to meet the severe condi- 
tions imposed, and the numerous installations involving outdoor 
features indicate the extensive use of this idea in the future, while 
its development as applied to the central station itself affords a 
considerable field for attention. 


HE DEVELOPMENT, in the last half-dozen years, of the 
outdoor substation vs. the indoor type, with its attendant 
problems, is a most interesting commentary on the adaptability 
of engineering progress to new fields. Primarily, as in most 
such cases, the cause was an economic one, the desire to serve 
from transmission systems the small consumer who could not 
be reached on account of the excessive first costs of installation. 
The development of suitable apparatus to meet this funda- 
mental condition has opened up a new field for substation de- 
velopment and progress along engineering lines necessitated by 
new and peculiar conditions has indeed been remarkable. These 
problems, especially in reference to the class of work which 
introduced them have been well solved, but the possibilities 
in application to larger and broader fields has meant attacking 
problems of a far more complex nature. The success obtained 
justifies the expectation that outdoor substations will occupy 
a very important position in the development of transmission 
Work. The extent, however, to which it is desirable to develop 
these propositions, must receive serious consideration dependent 
165 
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on the engineering features of design and operation, and funda- 
mentally on the economics of the problem. 

This matter has been ably discussed previously, but its im- 
portance is such that it is proposcd to briefly recapitulate the 
subject in view of its developments and possible applications, 
trusting that discussion of practical experience will be afforded. 


DEVELOPMENT OF EQUIPMENT 


To meet the engineering conditions of outdoor operation, 
considerable experimental work has of course been necessary, 
and results indicate that there is nothing inherent in the require- 
ments of apparatus for these conditions which apparently cannot 
be successfully met. 

The classes of apparatus involved which have required de- 
velopment to meet new conditions may in general be grouped 
under (1) protective equipment, (2) transformers, and (3) con- 
trol equipment. 

PROTECTIvE EQUIPMENT 

The most important protective apparatus affected by outdoor 
installation is the electrolytic lightning arrester, which offers 
the most complete protection available at present for high-tension 
lines. Heretofore it has been necessary to protect this equipment 
by housing, but the development of low temperature electro- 
lyte, together with other details of design, makes it now feasible 
to place the entire equipment out of doors, even under the most 
severe climatic conditions. The winter season when the severest 
temperatures are encountered, is also, as a rule, free from light- 
ning disturbances, though it is important to secure continuous 
service of protective devices of this nature on account of surges 
occurring on the lines, the necessity being particularly noted 
where thc switching of the high-tension systems is liable to cause 
serious line disturbances and consequent breakdowns at weak 
points. Itisas much the function of the arrester to absorb these 
disturbances as to avert the direct effects of lightning itself. 


TRANSFORMERS 


The operation of outdoor transformers is no longer experi- 
mental. The principal difficulty to be met is the climate with 
its changes in temperature and atmospheric conditions. In 
general the outdoor type of transformer is similar to the indoor 
type except that the cover and lcads are designed to shed mois- 
ture and provide the necessary higher factors of safety. 
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Both self-cooled and water-cooled transformers are applicable 
to this service, with due consideration of its requirements. In 
the former case, grades of oil suited to the conditions are of course 
necessary, the only serious difficulty being on account of possible 
freezing. As a rule the load of the transformers will keep the 
oil sufficiently warm, but it 15 important that precautions be taken 
in order to prevent condensation of moisture. If necessary this 
is accomplished by small heating coils installed 1n the tops of 
the transformers. The freezing of the oil itsclf in idle units or 
under severe conditions may also be guarded against by the 
installation of external heating devices under the casings. 

This freezing of the oil may be serious, particularly if trans- 
formers are out of service, because on energizing them, dissipa- 
tion of heat, with the oi] frozen, is liable to be slow, and inasmuch 
as the temperature rise in large units is about 20 deg. cent., 
the windings might be injured before the oil is liquefied. Little 
trouble is experienced, however, as ordinarily oil will not freeze 
at a temperature above — 15 deg. cent., and special grades solidify 
at a considerably lower point. 

The use of water-cooled transformers involves similar precau- 
tions against moisture, with the addition of suitable protection 
to the water circulating system, although the water of itself, 
by its circulation through the transformers, would not freeze 
except under severest conditions, provided the external connec- 
tions are properly protected. 

There apparently has not been much experience with air- 
blast transformers out of doors and it would seem that there 
might be a field for them as they do not offer the difficulties 
in giving climatic protection which are encountered with other , 
types of transformers, provided moisture is kept out; and the 
cost would be less. 

CONTROL APPARATUS 

The design of control apparatus, such as switches, circuit 
breakers, etc.,has also met the severe conditions imposed, and 
outdoor switches of extremely high voltage are operating satis- 
factorily in severe sleet and snow storms. As with the other 
apparatus the general indoor types have been made suitable 
for outdoor service by perfection of details, such as enclosing the 
mechanisms, motor control, etc. 

In general, then, it may be fairly stated that the use of the 
outdoor substation is not to be limited particularly by the lack 
of apparatus suitable for the severe operating conditions, and 
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it is certain that even greater steps in the improvement of ap- 
paratus of this nature will occur. 


APPLICATION 


The indoor substation has been highly developed to meet 
the various classes of service imposed upon it, and in fact has 
become very nearly standardized. It is hardly necessary to 
consider its development and status here, except as a comparison 
with those particular classes of service in which the outdoor sub- 
station may appear as its competitor, the advisability ofthe 
latter depending on a careful consideration of the various ad- 
vantages and disadvantages as compared with the established 
tvpe of indoor substation. 

Generally speaking, for the purposes of considering outdoor 
installations, substations may be classified as serving the re- 
quirements of (a) small isolated loads, (b) large capacity loads, 
and (c) apparatus auxiliary to central stations. 

A brief discussion of these respective divisions will indicate 
some of the requirements and opportunities incidental to each. 


SMALL ISOLATED LOADS 


It is along the lines of small isolated loads that the development 
of the outdoor substation first started, and which has afforded 
its greatest field to date. 

Complete outdoor installations up to a few hundred kv-a. 
have enabled service to be given to 1solated customers and small 
communities which otherwise could not be profitably served 
directly off the main transmission lines. It is possible to locate 
such substations almost anywhere, the structural and foundation 
requirements varying with conditions. The simplicity of 
design and construction has meant a small investment and a 
minimum of operating troubles. High-tension switching is 
usually limited to air-break types, instead of the costly oil 
switches, while lightning protection 1s afforded either by the 
electrolytic lightning arrester or the cruder horn type. Most 
such installations have been free from claborate secondary con- 
trol, that provided being, if any, of the simplest type established 
in weatherproof housings. There can be hardly any question 
as to opportunities for this type of station, and its rapid adoption 
and extending installation, on account of the factors of simplicity, 
low cost and lack of attendance, indicates the importance of 
its field. : 
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LARGE CAPACITY LOADS 


The application of the outdoor substation to large capacity 
installations, particularly where the secondary control is split 
up into various circuits with more or less auxiliary apparatus, 
confronts us with larger problems. The substation may com- 
bine not only the functions of a switching station, but also that 
of supplying a large load tò a community, and in general its lo- 
cation would not be affected by the type adopted, provided 
. sufficient space is available. 

With substations of this character, involving attendance: it 
is necessary to provide a suitable building designed for at least 
part of the installation. What part of the high-tension appara- 
tus may properly be installed out of doors depends largely on 
the saving thereby effected. The actual outdoor apparatus must 
be provided for separately, and a combination of the indoor and 
outdoor substation will in many cases prove most advantageous. 
In some cases it is feasible to place the whole outfit out of doors, 
including the low-tension control equipment, provided the latter 
is not extensive, but in most cases it is questionable whether 
the operating features will permit this extreme. In cases where 
attendance is required it is certainly advisable to install the 
secondary equipment indoors. 

The manner of installing the outdoor equipment will, of course, 
depend upon the size and importance of the layout. In general 
the incoming and outgoing lines must have proper terminal 
structures for connection and distribution to the banks of 
transformers. The transformers themselves should be pro- 
vided with proper foundations, preferably of concrete, so de- 
signed that they may be removed on rails, and provision 
should be made for heating the cases if climatic conditions 
require it, while the piping for oil or water must be carcfully 
considered. 

The installation of lightning ind control equipment is also 
subject, in general, to the same requirements. 

À most important detail of the outdoor installation is that of 
providing proper facilities for repairing damaged apparatus, and 
large stations must provide some shelter where such repairs can 
properly be made. 

The space occupied by the outdoor installation will, of course, 
be large, and adequate provision must be made for preventing 
anyone from coming in contact with the equipment. 
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APPARATUS AUXILIARY TO CENTRAL STATIONS 


Many central stations operated in connection with trans- 
mission systems have a considerable portion of their buildings 
given up to high-tension equipment and apparatus incidental 
to its operation. : 

The outdoor installation of such latter equipment would, in 
many cascs, reduce the building cost materially, provided the 
extra outdoor space is available. The features of installation 
would be similar to those noted above. This phase of outdoor . 
application is worthy of considerable attention and study. 


COMPARISONS 


Considered generally, the following are the advantages and 
disadvantages of outdoor installations: 


Advantages Disadvantages 
Lower first cost Repairs 
Ease of extensions Operating risks 
Reduction of fire hazard Danger to public 
Simplicity of layout Appearance. 


Reduction in cost was the cause for the development of this 
type of construction, is the reason for its continuance, and will 
govern its extensive application, when properly interpreted. 
For the small isolated substation of a few hundred kv-a., the 
cost will be from 25 per cent to over 50 per cent cheaper than 
the corresponding indoor station. For large installations, par- 
ticularly where a building is provided for secondary control, 
the per cent of saving 1s much smaller, the less being the cost 
of the outdoor part of the installation in proportion to the total, 
the less being the saving duc to this construction. 

In connection with the cost, reduction of fire risk is important 
and outdoor service reduces this to a minimum. 

The simplicity of either complete or partial outdoor installation 
is particularly attractive. With the intensive development of 
the indoor station we have succeeded in obtaining about all the 
elaborateness of design possible, and any development offering 
opportunity for simplicity of construction and operation should 
be welcome. 

The disadvantages outlined have been mentioned generally 
in passing. Тһе most serious ones are those of operation and 
facility for repairs. Experience indicates that operating diffi- 
culties are well overcome, and generally speaking, damage to 
modern apparatus is reasonably rare. Danger to outsiders can 
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certainly be prevented by fencing, etc., while the matter of ap- 
pearance is only of interest in certain localities. 


SUMMARY 


Summarizing the situation we find that the equipment for 
outdoor installations has been developed to meet the severe 
conditions imposed. Successful operation of installations of 
this character during several years shows that operating difficul- 
ties are unusual. 

It is significant that at present there is installed, or under 
construction, approximately 300,000 kv-a. in high-tension out- 
door type transformers. The query may well become, instead 
of “ when shall we use the outdoor substation?" rather “ when 
shall it mot be used?" The cost is the main factor, although 
operating features with increasing high voltage become attractive 
on account of the simplicity of the layout and the tendency to 
make the high-tension equipment a part of the line itself. 

The development of these ideas when applied to the central 
station itself should be as marked as it has been in the case of 
the substation, although the limits desirable to impose must in 
all cases be determined by the particular problem under consid- 
eration. 
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INDOOR AND OUTDOOR SUBSTATIONS IN 
PENNSYLVANIA 
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BY H. L. FULLERTON 


ABSTRACT OF PAPER 


This paper covers some points in substation design for installa- 
tions for the lower voltages, including choice of location, type of 
building and arrangement of electrical apparatus. 

The subject is treated in three divisions, namely: customers' 
substations fed from the distribution system, customers' sub- 
stations fed from the transmission system and company's sub- 
stations. Attention is called to some of the advantages of both 
the outdoor and indoor substations for each of the different 
divisions. 

Points to be considered in the selection of locations for sub- 
stations are outlined and several types of buildings. particu- 
larly the one of concrete slab construction, are described. At- 
tention is also called to different arrangements of electrical 
equipments, which may be employed for installations of various 
sizes. 

Different schemes for installing high-tension switchboard 
apparatus are considered, attention being called to the open wire 
and the cell structure installations, with special reference to the 
concrete cell structure and the method employed in its construc- 
tion. 


HE OBJECT of this paper is to cover in a general way 
outdoor and indoor substations of voltages up to and in- 
cluding 20,000, the limit being drawn at 20,000 volts because, 
where a higher transmission voltage than this is used, it is 
necessary to transform to a lower voltage on entering centers 
of population. I intend to call attention to some of the main 
points to be considered in determining the best location for sub- 
stations for various purposes, to show some forms of substation 
buildings which can be used under various conditions, to give 
some of the advantages of the outdoor and indoor types, and 
to show some forms of electrical installations, which have been 
used to meet the various conditions which present themselves 
in substation design. 
For convenience in handling the subject, I shall divide it 
into two general divisions: 
1. Customers’ substations, or those which are installed on 
173 
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the customer's premises and used only for feeding his service. 
This will be subdividcd into: 

(a) Those fed from the regular distribution svstem. 

(b) Those fed from the transmission system. 

2. Company's substations, or those which are installed bv 


the company at a center of load and used to deliver service 


at a reduced voltage to the consumers within that district. 


CUSTOMERS’ SUBSTATIONS FED FROM DISTRIBUTION SYSTEM 


Unless the customer is along the line of a low-tension dis- 
tribution system, it is necessary to install a substation to serve 
him with low-voltage service. This substation may be of any 
size from a small transformer on a pole on the street, to a large 
“capacity installation in a regular substation room, depending 
on the customer’s load. The probable demand of the cus- 
tomer determines the type of substation to be installed, and 
whether it be fed from the primary distribution mains at a 
medium voltage or from the transmission system direct, at 
the higher voltage. It is impossible to handle some of the larger 
installations economically from the primary distribution system, 
which is usually between 2000 and 5000 volts. 

Customers whose demands are small, are ordinarily served 
by installing a small transformer on a pole adjacent to their load. 
This installation is very simple and serves quite well, until 
the demand requires transformers which are too large to be con- 
veniently handled in this manner, but 50 kw. is probably about 
the limit for this type of construction. When the demand 
is above this point, 16 is necessary to make some special arrange- 
ment to furnish his service. If the location is such that room 
can be secured on the customer’s premises, the transformers 
can be nicely installed on ordinary wooden poles something 
after the manner shown in Fig. 1. 

In this arrangement two poles are placed on 10-ft. (3-m.) 
centers and a platform built between poles. A very neat ar- 
rangement can be made of the wiring on both the primary and 
the secondary side and the construction can be made safe both 
mechanically and electrically. Тһе platform is constructed 
by fastening a channel to each side of the pole by through 
bolts and building thereon a wooden floor. The limit for an 
installation of this kind is about three 50-kw. transformers. 

Where greater capacity is required, it is often possible to 
set the transformers on a platform on the ground, enclosing them 
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with a high fence, so as to guard against persons coming in 
contact with electrical apparatus. 

If conditions are such that an outside location cannot be 
secured for the transformers, it is then necessary to procure 
an inside location and build a transformer vault or indoor 
substation. Of course, the customer wants the transformers 
` located in the space that cannot be used for any other purpose, 
which is usually in the basement or sub-basement, and below 
the sewer level, while the rules of the National Board of Fire 
Underwriters require transformer vaults to be sewered, also 
ventilated to the outside air. It quite frequently happens 
that the building is nearly completed before the architect 
remembers that a transformer vault will be necessary, unless 
some representative of the operating company impresses very 
forcibly upon him the necessity of making provisions for the 
same. "Then the only available location is in some out of the 
way corner, where the transformers must be taken in through 
important parts of the building, often down flights of stairs 
of costly construction and entirely unsuited for the passage 
of heavy apparatus. When a freight elevator is installed, it 
is usually so located that it is not available for handling the 
substation equipment. 

If the architect has provided a transformer vault, it is usuallv 
about one-half the size that is necessary. In one particular 
instance that I recollect, the installed transformer capacity 
amounted to 1125 kw., while the space provided by the archi- 
tect was 3 by 10 ft. (0.9 by 3 m.), in which he expected us to 
place both the transformers and switching apparatus. In 
case no vault has been provided, it is necessary for the opera- 
ting company to make the installation, which must be made in 
accordance with the rules of the National Board of Fire Under- 
writers, hence, it is necessary for the company to construct 
its own transformer vault. 

Fig. 2 shows a fireproof transformer vault which has been 
installed in a building in which the architect had failed to make 
provision for the transformers. This type of vault has given 
very good results, where used, and is quite pleasing in appear- 
ance and cheap and easy to construct. The vault is built up 
of concrete slabs 3 by 6 ft. (0.9 by 1.8 m.) and 2in. (5 cm.) thick, 
and an iron door having similar dimensions. The slabs and the 
doors can be prepared in the shop at odd times and kept in 
stock for such cases. Two or three men can easily handle 
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these slabs and erect the transformer vault in a short time. 
A vault of this type of construction can be made in any size 
from 3 ft. by 3 ft. (0.9 by 0.9 m.) and 6 ft. (1.8 m.) high, up, 
in multiples of three. It is portable, being simply held together 
at the corners by small angles and can readily be moved in case 
any change is being made which requires its removal. The 
bolt holes, etc., in the slabs are cast in at the time of prepa- 
ration. As will be noticed from Fig. 2, this construction furn- 
ishes a convenient place for mounting oil switches, instruments, 
etc., so that the customer can operate his installation without 
going near the high voltage apparatus. Neither is the meter 
reader in any danger of coming in contact with high-voltage 
wires, when making his monthly calls. . 

When the customer builds his own transformer vault, which 
is usually of brick or terra cotta construction, it is often pos- 
sible to have him build in the wall a slate slab to allow of the 
mounting of the switches and watt-hour meters in a manner 
similar to that shown in Fig. 2. The back of the slab should 
be mounted flush with the inside of the wall. Where the slab 
is mounted in a 13-in. (33-cm.) brick partition, the switch handles 
and instruments are well protected by the surrounding walls. 

Location of Transformers. “The following points should be ob- 
served in selecting a location for the transformers: 

1. Position of customer's load. 

2. Location of operating company's street mains. 

3. Accessibility for delivering material. 

4. Accessibility for operating company's employes. 

5. Possibilities of ventilation and sewer connection. 

In the selection of a location from the electrical viewpoint, 
the transformers should be installed as near as possible to the 
center of the customer's load, as this will give him the least 
investment in copper and the best regulation to his various 
tablet boards. The company’s street mains should also be 
considered. It 15 very desirable, since the connection is usually 
made with underground cable, to have as short and straight 
a run for the cable as 1s possible. 

The location of the transformer vault should be such that the 
material can be delivered with as little work inside the cus- 
tomer's building as 1s possible. It should also be such that the 
company's employes can have access at any hour of the day 
or night, in case of trouble on the system. Delays caused by 
inability to find watchmen or building superintendents are often 
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quite serious. Since ventilation and sewer connections are 
required, it is necessary that this be taken into account in 
determining the vault location and a position should be selected 
that will lend itself to these requirements. 

Comparison of Outdoor and Indoor Installations. Some of 
the advantages of the outdoor installations are: 

1. Less cost for making installation. 

2. Usually more accessible for company's employes in case 
of trouble. 

3. Less difficulty in connection to company's lines. 

4. No transformer vault required. 

5. Better ventilation. 

Some of the advantages of indoor installations are: 

1. Apparatus more accessible for inspection or repairs. 

2. Less danger of unauthorized persons interfering with 
apparatus. | 

3. Customer can have control of the installation on the 
primary side, by means of oil switches, if desirable. 

4. Apparatus protected from weather. 


CUSTOMERS SUBSTATIONS FED FROM ‘TRANSMISSION SYSTEM 


When the demand of the customer is so great that he cannot 
be fed from the regular distribution system, it becomes necessary 
to install on his premises a substation to serve him from the 
transmission system, which тау be of апу voltage from 5000 
up. Where space can be secured on the customer's property, 
it is often possible to supply him with service from an outdoor 
substation, installing switches, lightning arresters, fuses, ctc., 
on poles and locating the transformers on a platform, on thc 
ground, or on a suitable structural iron tower some feet above 
the ground. 

Fig. 3 shows a 200-kw. outdoor installation in which the 
transformer is installed on a concrete foundation between two 
poles, on which are mounted the pole top switches, fuses, light- 
ning arresters, etc., and around which is built a high picket 
fence with a couple of strands of barbed wire above the top of 
the pickets. Entrance is gained to the enclosure through a 
gate, which is kept locked. This is about as inexpensive an 
installation as it is possible to make and yet it has very satis- 
factorily furnished service to this brickyard for several years. 
The picket fence and barbed wires are even a better protection 
to the installation than mounting off the ground on towers, 
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as shown in Fig. 4. Boys are not so apt to climb the picket 
fence as they are te climb the towers. 

Fig. 4 shows an installation in which the transformers are 
mounted some ten or twelve feet above the ground on a struc- 
tural steel construction, the top of the tower, like the poles 
in the previous case, being used for mounting the switching 
apparatus. This makes a very good arrangement up to the 
point where the transformers become too large to be handled 
readily. 

Where it is not possible to secure outdoor space or when ob- 
jection is made to the outdoor installation, the apparatus must 
be installed 1n a building either erected for the particular pur- 
pose or in one that is already constructed and can be used for 
the installation. Where the power is to be supplied to machines 
in a large factory, it is often desirable to enclose a small space 
for substation purposes in the building near the center of the 
load. 

Fig. 5 shows the inside view of a substation erected in the 
center of a large screw and bolt works. The building is of steel 
and corrugated iron construction. The high-tension service 
is brought to the substation through cables supported from 
the roof of the building. By this arrangement, the substation 
was located near the center of the load and not only saved the 
customer considerable on his copper investment, but gave 
him good regulation to his motors, which would have been 
impossible with the substation located at one end of the factory, 
at a point which he had selected and at which point he was 
very determined the installation should be made. This cus- 
tomer 1s served with two high-tension lines, his running load 
being approximately 1000 kw. Three 375-kw., single-phase 
transformers controlled by automatic oil circuit breakers are 
used. The transformers are connected to the bus on both - 
the high- and low-tension sides by disconnecting switches, thus 
enabling any one transformer to be cut out for either inspec- 
tion or repairs without interrupting service. The customer's 
switchboard and motor-generator set are located in one end 
of the substation building. 

In another case, where a substation was built in the center 
of a large steel mill, it so happened that the works were built 
on either side of a street, so it was possible to locate the sub- 
Station in a very accessible point and still keep to the center 
of load. The substation was designed so that it would be able 
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to handle the entire power requirements of the mill. When 
the installation was first made the demand was only about 
400 kw., but they have been steadily increasing their demand 
until they now have connected about 2500 horse power and are 
making inquiries for more. Hence is emphasized the neces- 
sity for designing substations so that additions can be made 
from time to time as the customer's demand increases. 

It is usually quite difficult to make the customer see that he 
should allow ample space in his substation, so that increase 
in size of apparatus can be made as his demand requires. Us- 
ually he thinks that his demand will be small and that you 
are requiring him to give up space much too large for your 
purposes. . 

Where the customer's demand is of any considerable size, 
it has been found quite desirable to install check meters on 
his service, the average of the two meters being taken as his 
consumption. When there is a difference of about 2 per cent 
in their readings, the meters are recalibrated. 

The following points should be observed in selecting loca- 
tions for and in designing customers' substations: 

1. The installation should be as near as possible to the center 
of the customer's load. 

2. The installation should be at a point where it will be least 
in the customer's way, and still be accessible to the opera- 
ting company. 

3. If outdoors, the installation should be wellen closed, so 
as to prevent unauthorized persons from getting into danger. 

4. The design should be such that additions and repairs can 
be made to the equipment with the least possible interruption 
to the customer's service. 

5. The design of the building should be such as to allow of 
the ready changing of transformers as demand requires. 

6. The source of power should be such as to give him the most 
reliable conditions of service. Customers who are vitally ef- 
fected by outages, should be furnished with emergency service. 

7. Apparatus should be so arranged that the customer can 
handle his own switching at the direction of the operating 
company. 

8. Installation should be made as well insulated and as nearly 
fool-proof as possible, since it is usually operated by men un- 
familiar with high-tension current. 
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Comparison of Outdoor and Indoor Installations. In- cus- 
tomers' substations the field for the outdoor installations seems 
to be with the smaller isolated customer, where he has vacant 
space about his plant. Where the larger installations are made, 
the outdoor type does not seem so well adapted. 

Some of the advantages of outdoor installations are: 

1. No cost for new buildings. 

2. No space required in customer's present buildings. 

3. All high tension current kept outside of customer's build- 
ings. | 

Some of the advantages of indoor installations аге: 

More reliable switching equipment can be installed. 
Better facilities for inspection and repair. 
Apparatus protected from weather. 

Switching can be handled more easily by customer. 
Less danger of accident to public. 

. Safer arrangement of apparatus possiblc. 
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COMPANY'S SUBSTATIONS 


Where the operating company generates its power at a large 
central station, which is usually at a point quite remote from 
the demand, or where it purchases power from some trans- 
mission company, it is necessary for it to receive current at a 
much higher voltage than that at which it can distribute to 
the small light and power consumers, hence, it is obliged to 
install a substation to transform the power from the trans- 
mission voltage to a lower distributing voltage. The size of 
this substation, of course, depends upon the character of the 
district to be served, which mav be anything from a small 
suburban town, having a small demand, to the thickly populated 
power district having several thousand kilowatts demand. 

When it has been decided that the time 15 ripe for a sub- 
station in a certain district, onc of the most important and by 
no means the easiest problem is the selection of a location. 
Some of the points which should be considered in making a 
sclection arc: 

Location of the present load. 

Future development of the district. 

Distance from existing substations on the system. 
Outlet from the substation for the various feeders. 
. Street frontage. қ 

The above points determine the geographical location for 
the substation in the district. It 1s not alwavs best to locat 
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in the center of the existing load, as the tendency may be to- 
ward development in one particular direction due to natural 
conditions in this section. Again the demand may be too close 
to an existing substation to warrant a second one, therefore, 
it may be advisable to locate to one side of the present load, 
ànd be in a better position to handle the growth outward from 
the present substations. 

The outlet from the substation should be given considerable 
attention; if aerial lines are to be installed, a location such that 
it is possible to feed in at least two directions should be selected, 
and a corner lot would be preferable, where the lines could ra- 
diate from the substation in four directions. "This means that 
the pole line from the substation will not be so heavily loaded 
as if only one outlet were available. Even though it be an 
underground district, it is quite desirable to have several out- 
lets and save congestion in subways. 

Substation Buildings.—Probably one of the least expensive 
buildings suitable for substation purposes is that made of 
structural stecl and corrugated iron, but while this building 
is comparatively low in cost, its life is also comparatively short, 
and on the whole is not very desirable. 

A type of building, which compares very favorably in cost 
with one of steel and corrugated iron, but which has much 
greater life, is shown in Fig. 6. This building is simply an en- 
largement of the slab transformer vault construction referred 
to earlier in this paper. It is built up of structural steel on 
which are'bolted two-in.(5-cm.) reinforced concrete slabs of stand- 
ard size; the roof is also made of these slabs, supported by the 
framework of the building. The concrete roof is covered by 
a tar paper and gravel roofing. About a six-in. (15.2 cm.) 
slope to the 12-ft. (3.6 m.) width is allowed. Steel sash, wire- 
glass windows and steel louvres are used. For air supply, a 
section of concrete is left off one or two of the lower slabs, 
leaving the expanded metal reinforcing exposed. This allows 
a free inlet of air and at the same time prevents large objects 
from entering. Regular 14-in. (3.8 cm.) expanded metal is 
used in the construction of the slabs. 

This building compares very favorably in appearance with 
that of the average garage or out-building which may be found 
on back streets or alleys, and makes a fireproof construction. 
It is also portable and can be used to a good advantage at a 
location from which its removal at some future time may be 
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desired. This building is 12 by 18 ft. (3.6 by 5.4 m.) and 15ft. 
(4.5 m.) high. In it are installed three 250-kw. transformers 
serving four 2200-volt feeders. 

Where a better type of building is required, brick or stone 
is usually used in the construction and as elaborate a design 
as is desired can be utilized. ` By the use of rock faced brick 
and sawed stone, a building very pleasing in appearance can 
be constructed at a reasonable cost. 

The cost of buildings, or their equivalents, for substation 
purposes varies so widely, due to location and cost of labor, 
that it is impossible to give an estimate that would meet all 
conditions; however, I am giving a relative value to the various 
types, taking as a unit the least expensive installation-that 
with the outdoor apparatus installed on a concrete platform 
and enclosed by a fence. 

Concrete foundations, poles, picket fence...(Fig.3.) 1.00 


Structural steel tower................... (Fig.4.) 2.25 
Steel and corrugated iron building (12 by 18ft).... 4.50 
Steel and concrete slab building A OR ak Ea 6.75 
Ordinary red brick building A E E 15.00 
Rock faced brick and sawed stone * <“ * ...... 25.00 


Substation Installations. Like the buildings, the electrical 
installation has a very wide range of possible combinations. 
The outdoor substation is the cheapest, especially where no 
switching or regulating apparatus is required. However, it 
does not seem particularly well suited for installations where 
there 1s small apparatus such as instruments, oil switches, 
feeder regulators, etc., which should be housed. Of course, 
it would be possible to put the transformers and high-tension 
apparatus on the outside, erecting a building for the housing 
of the low-tension apparatus. Installations of this tvpe have 
been made and work out very nicely for the small demands, 
but the present designs for outdoor switching apparatus for 
10,000 and 20,000 volts are not such as to allow of verv large 
installations being made along these lines. 

It frequently happens that a transmission line may pass bv 
a small hamlet or power customer from which a small revenue 
can be procured and still the income will not justify making a 
very expensive substation installation. This class of business 
can be taken care of by an outdoor substation. Bv an in- 
stallation of this kind the town 1s furnished with electric light, 
which it may very much desire, and the operating company 
receives a small revenue from a district which would not allow 
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of the installation of a regular substation building and appar- 
atus. Fig. 7 shows an installation of this type. The trans- 
formers are mounted on a tower construction some feet above 
the ground. Pole top switches, fuses, etc., are used, no reg- 
ulators or switches being installed on the low-tension side. 
If regulators are necessary, the outdoor pole type can be used. 

Diagram A, Fig. 15,shows the wiring of this installation. 
The apparatus is connected to the transmission line through 
a switch and fuse; a choke coil and ground horn being inserted 
between the switch and fuse. 

Diagram C shows the wiring of the installation made in the 
concrete slab building shown in Fig. 6. The transformers are 
protected by high-tension fused circuit breakers which also 
act as disconnecting switches for the incoming transmission 
lines, the transformers being connected direct to the high-ten- 
sion bus. On the low-tension side each circuit is controlled 
by an oil switch and fuse. Lightning arresters are mounted 
on the poles outside the building. 

Neither of the above installations can really be said to have 
a high-tension switchboard. This is scarcely necessary where 
the substation is small and is fed by only one or two trans- 
mission lines. Where the substation is important enough to 
have feeders from separate power houses, or where it is used 
as a switching station for high-tension lines, it is necessary to 
install some type of high-tension switchboard. 

The simplest and probably the cheapest installation that can 
really be called a switchboard is the open wire type. Fig. 8 
shows a fair example of this type of construction. The oil 
switches are mounted in concrete cells, while the busbars, dis- 
connecting switches, etc., are mounted on framework above 
the switch structure. The spacings of the wires are kept at 
12 in. (30.4 cm.) or better for opposite polarities. Cambric- 
insulated flameproof wire is used throughout.  Disconnect- 
ing switches are installed on both the high-tension and low- 
tension sides of the transformers, so that one transformer can 
be disconnected without interfering with the service. Where 
open wiring is used, it is always painted a standard color, 
such as red for 11,000 volts, drab for 2200 volts and white for 
110 volts, and this arrangement of colors is adhered to through- 
out the system. 

Diagram B, Fig. 15, shows the wiring of a layout of this type. 
Both incoming and outgoing lines feed through oil circuit 
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breakers to the high-tension bus. Disconnecting switches 
are always installed on each side of the oil brcakers. 

Fig. 9 shows, in section, the arrangement for a double bus 
open wire construction. The double bus arrangement is nec- 
essary where different combinations of high-tension lines are 
desired. This installation is very compact, yet all wires have 
ample clearance for both safety and ease of construction and 
repairs. 

The next step toward safety is the use of the cell structure. 
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In this arrangement all wires are separated by barriers of some 
description; soapstone, slate, concrete, ebony wood are some 
of the materials generally used. I will touch only on the use 
of concrete. "This is probably the cheapest and gives a grounded 
surface for mounting the equipment, thus depending entirely 
upon the insulation of the apparatus. 

When the cell structure is referred to, we usually think of 
something quite massive, but it is sometimes desirable to erect 
a cell structure and at the same time economize floor space. 


PLATE 11 


A. I. E. E. 
VOL. XXXIII, NO. 2 


[хоъняллл а] 


9 ‘91g 


(хоіяяттая) 


— áÀÀ — qç — —- — — ............... Р -. == J... э === 


PLATE IV 


A. 1. E. E. 
VOL. XXXIII, NO. 2 


[NOLM3HTI1314] 


ә d сен “ез = 


[NorsxTIn] 


сы 


Digitized by Google 


1914] FULLERTON: SUBSTATIONS 185 


Fig. 10 shows, in section, a double bus in stallationin which 
the busbars, series transformers, fuses and most of the dis- 
connecting switches are mounted in compartments. The roof 
trusses are built through the cell structure, so that most 
of the available space is utilized. The lines enter through 
roof tubes between the vertical cell barriers. Connections to 
and from the oil switches are made with cambric-insulated wire 
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in fibre conduit mounted in the concrete wall. To the right in 
the figure, the 2200-volt feeder switchboard, built in a double 
deck arrangement, is shown. 

On the roof of the station are the outdoor electrolytic light- 
ning arresters. A ladder is provided at the end of the build- 
ing for use in getting to the roof to operate the arrester equipment. 

Diagram D, Fig. 15, shows the wiring of this station. The 
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lines feed in through oil switches to selector type disconnect- 
ing switches, and thence to each of the buses. One bus is 
sectionalized so that some of the lines ordinarily feed through 
to other substations entirely independent of the load in this 
station. 

Figure 11 shows the inside view of this station, with the 
high-tension concrete structure to the left and the 2200-volt 
incandescent feeder switchboard to the right. In the construc- 
tion of this feeder switchboard, remote control oil switches 
were used, which means all 2200-volt apparatus was kept away 
from the switchboard panels. Automatic voltage regulators 
were used on each feeder. 

A more elaborate concrete structure is that shown in Figs. 
12 and 13. Fig. 12 shows the front view of the concrete struc- 
ture and Fig. 13 the section of a double bus switchboard. 
All circuits are connected to each bus through remote control 
oil circuit breakers. The insulators supporting the bus also 
make connection between the bus and the connections to the 
disconnecting switches. The switchboard panel is directly 
in front of each high-tension pancl, thus allowing the use of 
hand-operated oil circuit breakers. 

In the structure, notice the location of the oil switch at the 
bottom. This is made possible by the use of single-conductor 
lead cable clamped to the concrete and connecting the upper 
disconnecting switch with the oil circuit breaker. The hori- 
zontal barriers between buses are hung from the center web 
of the structure without any supporting posts at the outer edge. 
This allows of ready access to the buses. Space was also 
particularly valuable in this case, as 1s indicated by the posi- 
tion of the roof truss. Provision is made for adding larger 
switches in series with the present ones on the main floor at some 
future time. This switchboard serves not only for substation 
purposes, but is a distribution board for high-tension circuits 
to other substations. 

Diagram E, Fig. 15, shows the wiring of this switchboard. 
All circuits are double-throw on either bus. The buses are 
sectionalized by disconnecting switches to allow of greater flex- 
ibility in switching. The transmission lines can be operated 
in multiple or separately, each one feeding its own section of 
load. By operating separately, trouble on one section will 
not generally affect the other parts of the system. 
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I cannot pass the subject of concrete cell structure without 
a few words regarding the method of construction. The usual 
method of building these cell structures is by erecting forms 
and pouring the concrete, using reinforcing rods where neces- 
sary. Owing to the difficulty of securing a uniform and smooth 
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job, we have digressed a little from the usual method and are 
building an expanded metal framework and plastering the con- 
crete body onto it. The thickest portions plastered are three 
inches. The scratch coat contains a small quantity of hair, the 
remaining coats being pure cement and sand. The finishing 
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coat is of Keen cement, which gives a hard, white, smooth 
surface. In the finishing coat, a small quantity of lime is used 
to make the cement work more smooth. 

Figure 1% gives an idea of the method of constructing the 
expanded metal framework. Angles are used in the heavy 
barriers and small channels are riveted or tied to these, the 
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expanded metal being wired to this skeleton framework. Where 
the structure is built as in Fig. 11, the reinforcing is keyed in 
to the main wall. 


COMPARISON OF OUTDOOR AND INDOOR INSTALLATIONS 


In company substations, the field for the outdoor instal- 
lation seems to be with the small towns which can be picked up 
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along the route of the transmission system without considerable 
line extension. Where larger municipalities are handled, it 
is usually desirable to install emergency service which requires 
more or less high-tension switching, and an indoor substation 
is usually desirable. 
Some of the advantages of an outdoor installation are: 
l. Little or no cost for building. 
2. Less cost for high-tension apparatus. 
Some of the advantages of an indoor installation are: 
. All apparatus protected from weather. 
. Greater ease of inspection and repair. 
Less depreciation on equipment. 
Less danger of accident to inquisitive persons. 
. More reliable high-tension apparatus procurable. 
. Safer high-tension construction possible. 
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OUTDOOR SUBSTATIONS IN NEW ENGLAND 


BY FRED L. HUNT 


ABSTRACT OF PAPER 


The present development of outdoor switching apparatus and 
transformers for systems of 110,000 volts or less is such as to 
make their use entirely successful, and in most transformer sub- 
stations, a considerable saving in first cost can be accomplished 
without increase in operating expenses, by making use of this 
type of equipment. 

This paper gives a brief description of two substations of 
10,000 kv-a. ultimate capacity, just put into operation, in which 
all the high-tension switching apparatus (66,000 volts) and the 
transformers are outdoors. The low-tension apparatus (13,200 
volts) and the railway apparatus are indoors. This arrangement 
is based on the three following principles which have in this case 
proved to be sound: 

1. That the greatest saving in building cost can be made by 
putting all high-tension work outdoors. 

2. That the switching apparatus, lightning arresters and trans- 
formers of voltages in the neighborhood of 66,000 volts are prac- 
tical and may be successfully operated outdoors in New En fand: 

3. That distributing switchboard, control switchboard and 
railway apparatus and switchboard are not suitable for outdoors. 


URING the past summer, there have been built and put 
into operation by the Amherst Power Company two 
substations, a brief description of which may be of interest in 
connection with the present tendency towards the use of out- 
door substations. One of these is located at Chicopee and one 
at Agawam, Mass., both being supplied from the company's 
double-circuit, 60-cycle, three-phase, 66,000-volt transmission 
line extending from Turners Falls to Springfield. The accom- 
panying illustrations show various views of these substations, 
which are practically duplicates as far as general layout is con- 
cerned. 

When these stations were being laid out, considerable atten- 
tion was given to a study of the advantages and disadvantages 
of indoor and outdoor apparatus, the result of which was the 
adoption of what might be called a semi-outdoor substation in 
which all the 66,000-volt equipment, including the step-down 
transformers, was placed outdoors, as were also the aluminum 
lightning arresters on the 13,200-volt outgoing lines, while the 
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13,200-volt buses and switching, the control switchboard, the 
2300-volt distributing switchboard and the railway apparatus 
were placed inside. 

The choice between indoor and outdoor apparatus in different 
parts of the equipment was based on the following considerations: , 

l. The 66,000-volt apparatus was the most bulky part of 
the equipment, and therefore the greatest saving in building 
space could be accomplished by putting it outdoors. 

2. The more complicated switching necessary with the num- 
erous 13,200-volt and 2300-volt outgoing circuits and synchron- 
ous motor circuits would have been much more difficult and ex- 
pensive to handle in an outdoor installation. Hence, they 
were placed inside. 

3. The control switchboards, with their motors, instruments 
and storage batterv, and the railway motor-generator sets 
have not at the present time been developed to the point where 
it is practical to operate them outdoors; therefore these were 
placed inside. Except in the case of the switchboards with 
their meters and instruments, the storage battery and the 
railway sets, none of which are suited to outdoor operation, 
the relative location of the remainder of the apparatus, that is, 
whether it would be placed indoors or outdoors, was determined 
principally by comparison of estimated first costs, since no 
well-founded objection to the use of outdoor aluminum light- 
ning arrcsters, oil switches, transformers or buses could be found. 

The saving in the first cost of the building may be arrived 
at very closely on the basis that the cost of two proposed build- 
ings, erected on the same site, for the same purpose and of the 
same general design and material, will within rcasonable limits, 
have first cost in the direct proportion to their cubic contents. 
A building, similar to the one actuallv erected, but of the dimen- 
sions necessary to accommodate indoors all the apparatus, 1n- 
cluding the 66,000-volt equipment, allowing for the same switch- 
ing scheme, and providing a space for future expansion equal 
to that which is incorporated in the present station and out- 
door foundations, would cost on the above basis 202/86ths of 
the cost of the present building. After allowing for the extra 
cost of outdoor apparatus and the cost of outdoor foundations 
and steel structures, the saving in this case was an amount 
equal to 11 per cent of the cost of the complete station and equip- 
ment as built. 

The general arrangement at the Chicopee substation (see 
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Figs. 1 and 3) is as follows: А tap circuit is brought in from 
each of the two transmission lines through choke coils, discon- 
necting switches, and solenoid-operated non-automatic oil 
switches to a transfer bus, from which the transformers are 
supplied through disconnecting switches and solenoid-operated 
automatic oil switches, one set for each bank. An aluminum 
lightning arrester is installed on each incoming line. At present 
there is one bank of three 1500-kw. oil-cooled transformers 
ot the radiator type in use here, with one spare unit, and found- 
ations and conduits are installed for a second bank. This type 
of transformer construction brings the cost of oil-cooled trans- 
formers for outdoor work down to a poini where their increased 
cost over water-cooled transformers is so little that it does not 
pav to add the complication of water cooling for the small sav- 
ing in first cost that can be accomplished, especially where 
the water would have to be pumped, as in this case, and where, 
as in all outdoor stations in the northern part of this country, 
special precaution must be taken to prevent the freezing of water 
pipes. From the transformer bank one circuit is carried under- 
ground into the building to the 13,200-volt double bus in a 
concrete bus structure. 

The arrangement so far as outdoor station is concerned, is 
the same at Agawam (see Fig. 2) except that there is a dif- 
ference in the capacity of transformers, and there are two cir- 
cuits from the secondary side of the transformers into the build- 
ing; one leading to the 13,200-volt bus, and one to the 2300- 
volt bus, as power is distributed at beth voltages from Agawam 
station. 

Attention may now be called to some special features-of the 
outdoor equipment. The oil in the outdoor transformers freezes 
at—15 deg. cent. Itistherefore necessary to keep the temper- 
acure of the oil in the spare transformer above this point if it 
is to be ready for immediate service. This will be accomplished 
by connecting the spare transformer to the bus on the low ten- 
sion side, from about Jan. Ist to Mar. 10th of each year. Dur- 
ing the remainder of the year the temperature of the oil in the 
spare transformer does not go down to its freezing point when 
left without artificial heat. 

The transformers and oil switches are connected by a com- 
plete piping system to a two-compartment oil tank buried in 
the ground, so that oil cao be drained from any transformer 
or oil switch into ics respective compartment of the oil tank, 
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and from there can be pumped through a portable oil filter press 
back into the transformers or switches. Alarm thermometers 
on che transformers are connected to bells in the station. There 
is installed in the cover of each transformer a small heating unit 
taking 200 watts at 110 volts. The object of this unit is to 
keep the air in the top of the transformer, and especially the spare 
transformer when not excited, a little above the temperature 
of the air outside, so that in the process of breathing, which 
is sure to be present to some extent in any large transformer 
subjected to varying temperatures, the air taken in, even though 
heavily laden with moisture, will have that moisture vapor- 
ized by coming in contact with the warmer air inside, rather 
than being further condensed by coming іп contact with cooler 
air inside, which latter condition would occur if there was no 
artificial heat inside the cover of the transformer. : 

When it becomes necessary to disassemble а transformer 
it is rolled on to a transfer truck upon which it is run into a com- 
partment at one end of the station where a hoist is available 
of sufficient capacity to lift and remove the core. Switch hooks 
used for operating the disconnecting switches outdoors are 
fitted with a copper cone at about the middle of the handle, 
which cone is grounded when the hook is to be used. All the 
outdoor aluminum lightning arrester cans are painted white 
to overcome a difficulty experienced in warm climates where 
the absorption of the sun’s heat by dark-colored cans has raised 
the temperature of the electrolyte of the arrester to a point 
where it was damaged. Two coats of white paint on these 
cans have been sufficient to keep the temperature of the arresters 
below the danger point in these installations, up to the present 
time. This same treatment mav be applied with similar re- 
sults to the transformers where excessive temperatures are 
reached on account of the sun's direct rays. 

The winter weather test of these substations has already 
begun and the results so far observed are satisfactory. The 
Chicopee station after a recent sleet storm is illustrated in Fig. 5. 

Each outdoor station 1s surrounded by an iron picket fence 
and all the equipment is set on concrete foundations extending 
below frost line and about 15 in. (38.1 cm.) above the final level 
of the ground. Thus far in the operation of these stations 
nothing has occurred which indicates any important point of 
disadvantage in the outdoor arrangement, except that some 
difficulty was at first experienced in keeping the joints of the 
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cooling radiators on the transformers oil-tight, due to the wide 
range in temperature to which they were subjected every 24 
hours. The design of these radiators has now been changed, 
and the new radiators have thus far stood the test of wide tem- 
perature changes without developing leaks. 

It is probable that in practically all substations of the same 
general arrangement as these, considerable saving can be ac- 
complished by the outdoor arrangement of the high-tension 
apparatus, except where cost of land is very high as in cities. 
There is no reason why with proper local conditions, a con- 
siderable saving cannot be accomplished by the use of out door 
apparatus at generating stations. In other cases, the saving 
may be small or none when the particular arrangement of canal 
intakes and generator rooms is such that only a small additional 
expense is required to house the transformers and high-tension 
switching. Each case should receive special consideration. 
There appears to be no good reason for using outdoor appa- 
ratus except where a saving in first cost can be shown. 

Outdoor apparatus is also used on this system at several of 
the consumers' substations, where power is delivered at 13,200 
volts and stepped down to 2300, 550, 440 or other voltages. 
Fig. 4 is a view of a typical station of this kind where power 
is delivered at 13,200 volts to a bank of three 250-kv-a. oil- 
cooled, single-phase transformers, and stepped down to 2300 
volts for use in a textile mill. 

The transformers are connected to the 13,200-volt circuit 
through combination horn-gap arresters and choke coils, and 
horn-gap disconnecting switches, and the power is metered at 
13,200 volts by the use of outdoor potential transformers, 
indoor current transformers under shelter, and a meter in a 
box with glass cover. 'The tower stands approximately 20 ft. 
(6 m.) high, the bottom of the transformers being about 10 ft. 
(3 m.) from the ground. | 
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OUTDOOR SUBSTATIONS IN THE MIDDLE WEST 


BY LESLIE L. PERRY 


ABSTRACT OF PAPER 


"Conditions in the Middle West, particularly in the agricul- 
tural districts, have often been such as to necessitate the con- 
struction of small 33,000-volt outdoor substations in order to 
make the supply of current commercially practicable. 

These stations have been constructed with very simple switch- 
ing and protective equipment and economy of design and pro- 
tection to the main line have been the dominating feature of de- 
sign. 

Operation of such stations has been successful and they are of 
great benefit to the communities served. 

Improvement in lighting and overload protection is looked for. 


HE CONDITIONS in such states of the Middle West 
as Illinois, Indiana, and Kentucky, are very favorable to 
the use of small outdoor substations. Many of these have been 
built during the last year, and more undoubtedly be built in 
the next few years. There is little very high-tension trans- 
mission within 300 miles (482.8 km.) of Chicago, but there is 
a large amount of 22,000-volt, 33,000-volt, and some 50,000- 
volt transmission. These lines for the most part serve dis- 
tricts that are not densely populated. In manv sections, par- 
ticularly in Illinois, the communities are almost purclv agricul- 
tural, with only those small industries associated directly with 
agriculture. 

In the manufacturing States, particularly in New England, 
oftentimes a factory or mill can readily supply electricity made 
either by water power or steam on a moderate investment cost 
and with a very low operating expense. But many of the 
richest agricultural districts of the Middle West are without small 
reliable water powers, and chcap, economical steam plants are 
impossible under the conditions. 

Many towns of 2000 people have three-fourths of their 
people within a radius of a mile (1.6 km), and the entire elec- 
trical business of one of these towns may not warrant the ex- 
pense of more than a single man devoting his entire attention 
to electric service. Where, as occasionally, local plants have 
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been built, they usually have rendered very indifferent service, 
and seldom operate throughout the 24 hours. With a distri- 
bution system of 33,000 volts near-by, of course continuous 
service can be readily given; but in order to make such service 
commercially possible, investment and operating costs must 
be kept within the lowest reasonable limits. 

It frequently happens that such local plants as exist have 
not enough floor space or head-room to house 33,000-volt ap- 
paratus, and in other cases there are no suitable buildings, so 
that immediatelv there comes up the question of building in- 
vestment. 

In the climate of Chicago, it is the opinion of many engineers 
that somewhat more reliable operation will be had with indoor 
apparatus, and where housing has to be provided for consider- 
able apparatus, such as street lighting equipment, feeder- 
regulators, and perhaps a motor-generator or a synchronous 
converter, the size of the load and the number of customers 
served warrants a new building. Of course, with voltages of 
60,000 and above, the indoor station would not be possible 
where it can be used at 33,000. Where the load is below 300 kw. 
it is often considered that on voltages of 33,000 and above, 
the cost of any high-tension oil switch and aluminum cell arrester 
is not warranted, so that very simple outdoor high-tension switch- 
ing and protective gear with the outdoor type transformers 
make a substation equipment well adapted to the requirements. 
Where no indoor space is available, just enough housing is pro-. 
vided to protect a low-tension oil switch, a watt-hour-meter, 
ammeter, and voltmeter, with space for a street lighting regulator 
if required. 

While many stations have supporting frames built of wood, 
undoubtedly more and more of them will be built of steel. At 
first thought one would consider the wood much cheaper; but 
taking into account that the steel structure can be built bv 
efficient shop labor with minimum erecting costs, while the wood 
structure requires the less efficient field labor, and does not have 
the reliability, life, or freedom from fire risk that the stcel does, 
it will be found the wood structure is not anv cheaper. 

A station to handle three 50-kw. transformers can be sup- 
ported on a tower with a six-foot (1.8-m.) base as shown in Fig.1. 
A six-foot square house of galvanized iron or heavy sheet steel 
is ample for most requirements and accommodates a 2300- 
volt low-tension panel as shown in Fig. 2, and incandescent 
outfit for street lighting. 


PLATE IX 
A. |. E. E. 
VOL. XXXIII, NO. 2 


[PERRY] 
Fic, 1—33,000-VoLT OUTDOOR SUBSTATION EQUIPPED WITH Two 50-KW. 
TRANSFORMERS AND SPACE FOR THIRD. 


PLATE X 
A. I. E. E. | 
VOL. XXXIII, NO."2 


—Calibrating Links 


— Ammeter 


— Ammeter Switch 


— Watt-hour Meter 


— Low-Tension 
Oil Switch 


[PERRY] 
Fic. 2—Low-TENSION PANEL USED WITH OUTDOOR SUBSTATIONS, 
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These substations are connected to transmission lines sup- 
plying substations of larger size, say 600 kw. per station and 
above; provision should therefore be made to automatically 
cut free these outdoor substations from the transmission lines 
in case trouble develops in the small station. Hence, in the 
supply of power to the small rural station, the chief requisites 
to be met are: 1, economy of design, 2, protection to the main 
line, and 3, Jeliability of service in so far as the elements of the 
outdoor station itself are concerned. 

Up to the present these stations have been very successful. 
The problems of overload and lightning protection have been 
solved with reasonable success, but unquestionably improve- 
ment can be made in these directions. In the absence of better 
devices of reasonable cost, either the plain wire fuse on horn 
gaps, or the liquid high-tension fuse with or without horn gaps, 
have been chiefly used for protecting the line, reliance being 
placed on the low-tension devices for overload on the substation 
itself. 

For lightning protection a ground gap has been used, and the 
substation fuse is so mounted as to protect the line when the 
line carrent too freely follows the lightning. Choke coils are 
used in the transformer leads. 

In designirig. such stations it should be remembered that 
they will often be in the hands of inexperienced operators, and 
hence every precaution should be taken to permit proper atten- 
tion by ordinary emergency men; for this reason many sta- 
tions have been built with disconnecting switches on a separate 
pole with lever gear such that the switch can be operated by 
any intelligent man. With this arrangement fuses can be 
replaced or defective transformers exchanged on a structure 
absolutely without any live wires connected to it. 

In mounting the transformers well above ground, due re- 
gard has been paid to keeping the high-tension apparatus as 
free as possible from interference from careless or inquisitive 
boys, marauding animals, or the washer-woman's wind-blown 
laundry. f 

Sufficient success has been attained to demonstrate that 
by using these small outdoor stations good electric service can 
be supplied rural communities at attractive prices, and the 
central stations and the manufacturers are rendering true 
public service in reaching communities otherwise unable to 
benefit by central station service. 
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PROBLEMS OF HIGH-TENSION TRANSMISSION LINES 


REPORT OF SUB-COMMITTEE ON TRANSMISSION 


P. W. SOTHMAN, CHAIRMAN 


INTRODUCTORY 


T IS not intended that the following article shall completely 
cover the very broad subject of transmission of electrical en- 
ergy, ,but only outline some of the more important problems which 
have to be considered when building and operating high-voltage 
lines. Such data as are contained herein have been supplied by 
the members of the sub-committee with the idea of furnishing a 
basis for discussion, for it 1s recognized that the principal value 
of a paper of this kind lies 1n the discussion which it mav clicit. 
Some of the topics of particular interest at this time have been 
treated in short special articles which are published as appendices 
to this report and which appear under the names of their respec- 

tive writers. 

RIGHT-OF-Way 

In sparsely settled countries there is generally no trouble 
in securing as much land as may be needed for the erection 
of the transmission and telephone lines, and the only point to 
bear in mind is the choice of route involving the least construc- . 
tional difficulties. such as the crossing of mountain ranges and 
streams or the avoiding of locations which make patrolling and 
maintenance unduly expensive. If a restricted locality were 
known to be particularly subject to hghtning storms, this would 
naturally be avoided, if possible. 

On the other hand, in districts like the East where the land is 
already fully occupied and sometimes quite valuable, the right- 
of-way problem is often not an easy one, and the question arises 
as to whether it may not be advisable to obtain easements, 
giving the company the right to erect and maintain its lines 
across the lands of the owners. Tower lines may even cross 
fields under cultivation, causing practically no inconvenience to 
the farmers, who have been known in many cases even to plow 
and grow grain between the legs of the towers themselves. For 
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convenience in patrolling and the making of repairs, the route 
should, as far as possible, be chosen alongside of highways, re- 
gardless of whether the right-of-way is purchased outright or 
not. The width of right-of-way is an important consideration, 
as well as the minimum clearances which should be allowed above 
ground. 


There are cases in which it may sometimes be advisable , 


to utilize the right-of-way of an existing steam or electric railwav, 
provided a suitable agreement can be reached between the re- 
spective parties. This arrangement has been objected to at 
different times by laymen because of the alleged danger to the 
traveling public. That this objection is groundless, we all know, 
and decisions have been rendered by at least one State Public 
Service Commission to this effect. Objection to this practise 
has also been made by the telegraph companies occupving the 
same rights-of-way, on account of the interference which mav 
be set up in such circuits because of the proximity of the power 
lines. Bv the use of proper care these troubles may be re- 
duced so as to become unimportant, so that this objection also 
is overcome. 

Under this heading тау also be included the constructions 
necessary for the crossings of railways and other circuits. There 
is at present no generally recognized type of crossing protection, 
and whatever kinds are used are usually subjects for agreement 
between the parties concerned. Certain protection from falling 
wires or cables is desirable, but we feel that the matter has been 
carried to extremes in many instances. If two power companies 
adopt elaborate and expensive means for protecting their respec- 
tive circuits where crossing one another, when an ordinarily 
substantial construction of the lines themselves would suffice, 
how can they object if the telephone and telegraph companies, 
whose lines they have to cross, insist that an equally elaborate 
protection be installed for their crossings also? This shows 
the need for an intelligent agreement upon the subject and for 
a code of rules or specifications, preferably bearing the sanction 
of the Institute, which will be accepted by all parties. Such 
specifications should allow a certain latitude in the construction 
so as not to inflict unnecessary hardships upon small power com- 
panies operating at comparatively low voltages, or those located 
in unsettled districts. 

TowERS 

The selection of the type of tower depends upon the number 

of circuits to be carried, line voltage, whether suspension or 
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pin type insulators will be used, the physical characteristics of 
the country through which the line will pass, and also upon the 
climate. It is generally agreed that the square or four-legged 
tower is more efficient in the use of material than the three- 
legged tower and the latter is seldom seen nowadays in new work. 
The flexible type of tower has also been used to some extent with 
good results, but it is necessary to place rigid towers at frequent 
intervals along the line to act as stays, from which the flexible 
towers are more or less supported by the overhead ground 
wires and also by the power cables when pin insulators are em- 
ployed. It is too early to say what success will attend the flexible 
tower when.used in connection with long suspension insulator 
strings. and until more data are available upon the subject it 
is advisable to proceed with caution when considering the adop- 
tion of this construction. 

Where suspension insulators are employed, it has been found 
that it 1s not good practise to place two or more conductors in a 
vertical plane, especially where snow and ice are liable to collect 
upon the cables. When this load breaks away it very seldom 
does so uniformly and the cables are in great danger of coming 
into contact. This phenomenon has been quite fully treated 
in a recent paper. It might be added that it has been observed 
in the East that ice seems to collect to a greater extent at the 
centres of the spans than near the towers, which should be taken 
into consideration. 

The method of calculation of tower designs should be stand- 
ardized, and the constants for such materials as copper, alu- 
minum and steel used for conductors should be taken at some ac- 
ceptable figure such as 30,000 lb. for copper, and 14,000 1b. for 
aluminum, as representing the elastic limit of the material. 
The design should be calculated so that when the Joads estimated 
are all on the structure will be stressed to the elastic limit. The 
factor of safety is therefore in assuming excess loads over those 
which are known to be liable to happen. 

Ordinarily towers should not be calculated, but they should 
be specified to stand certain loadings, and should be tested for 
these figures. 

Foundations. Itis very important in the use of rigid towers to 
see that the foundations on which the tower stands are all at 
the same height, and therefore, it should be specified that the - 
foundations of the tower should have their tops within 1/10 of 
an inch of the same height. 
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Minimum Thickness of Material. Inthe construction of towers 
no material should be used less than 3/16 in. (4.7 mm.) in 
thickness. 

Bolted Connections. It is recommended that the minimum 
number of bolts in any connection be not less than two. 

Strength of Members. It should be kept in mind in the design 
of the towers that men are likely to climb up and down the towers 
on the angles, and therefore, one of the limiting conditions is 
to see that no members are used which would be bent by the 
weight of a man in so climbing a tower. 

Movement of Wires. It would seem advisable to increase the 
customary figure of 45 deg. used for angle of deflection of the in- 
sulators to 55 deg. or 60 deg. from vertical, under the worst 
wind conditions. 

The effect of ice and sleet should be considered, and this from 
the point of view of non-uniform loading. The structure should 
be so designed as to permit the loadiny of one span with the two 
adjacent spans not loaded, and still have sufficient clearance 
between all the wires so that under these conditions there would 
not be probable contact due to wind conditions. 

Amount of Sleet. Not less than š in. (19 mm.) of sleet or ice 
for the northeastern part of the United States and the eastern 
part of Canada should be allowed for. 

Wind Load. ‘The wind load is heaviest at times of sleet, and 
it should be recognized that the sleet does not form uniformly 
around the wires, but that the section of the ice is more or less 
elliptical. | 

Wind Pressure. It would seem advisable to increase the 
amount of wind pressure for the eastern part of Canada and 
the United States to about 15 lb. (6.8 kg.) pressure per sq. ft. 
(0.09 sq. m.) on the round surface. 

The usual method of erecting towers is to assemble them 
lying on the ground and then tilt them into place, which is apt 
to induce faults in them, hence it 1s very necessary that a care- 
ful inspection be made of them after erection, with a view to 
tightening up the bolts and examining the various members 
to see whether they are distorted. — 

In many cases towers have been provided with insufficient 
means for supporting and firmly holding the ground cables. The 
ground cable clamps should be quite long and have not less than 
four bolts so that the cables cannot possibly slip, allowing them 
to sag down in contact with the power conductors. 
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Galvanizing and Painting. From reports received from various 
quarters it appears that the galvanizing of steel towers is generally 
preferred to painting. Probably the manufacturers themselves 
differ more on this point than the users of towers. One manu- 
facturer advocates painting because of the simplicity obtained 
in erection by having the sides of the towers assembled complete 
and riveted in the shops, only the cross members requiring to 
be bolted together in the field. Large pieces assembled in this 
manner cannot well be galvanized and painting must be resorted 
to. 

Paint affords a good protection if the structures are periodically 
gone over and carefully scraped and cleaned before the paint 
is applied. It is very difficult, however, to reach all small in- 
terstices and pockets and these are the places where rust is most 
apt tooccur. Superficial inspection frequently will not disclose 
rusting which may be occurring beneath the paint coating. There 
is no doubt that periodical repainting is more neglected than 
otherwise. 

Galvanizing, on the other hand, practically eliminates worry 
and expense for maintenance, as it is electro-positive to iron. 
The galvanized coating has two functions to perform. In 
the first place, it 1s designed to keep the surface of the steel from 
coming into contact with water and the atmosphere, and secondly 
it protects the iron whenever water and oxvgen finally succeed 
in breaking through. 

If the galvanizing 1s properly done, it may be relied upon to 
be in good condition at the expiration of 12 or 15 years, whereas 
painting cannot be depended upon much longer than two or three 
years, especially where the atmosphere contains sulphur or other 
fumes. 

Footings extending into the earth may be galvanized with good 
success in most soils, although there are earths where asphaltum 
paint coating is more durable. In cases where extreme acidity 
or electrolytic action is expected in the soil, it is more economi- 
cal in the long run to provide a concrete footing thoroughly 
encasing the steel. . 

CONDUCTORS 

The relative merits of copper and aluminum conductors have 
been discussed quite often and it 1s not our intention to open 
the subject again at this time. A thorough understanding of 
the different qualities of the two metals should be had by en- 
gineers designing transmission lines, especially where suspension 
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type insulators are considered, in order that advantage can be 
taken of these qualities. There are certainly places where 
aluminum should not be used as power conductors, but on the 
other hand, there are quite often cases where it might be used 
to better advantage than copper. 

Experience has shown that hard-drawn copper cables should 
not have hemp centers, for an action partly chemical and partly 
mechanical is set up which sooner or later weakens the strands 
and causes the cable to part. 

In order to secure a greater strength and also ШЕТІ іо ада 
weight to the cable а steel core has been inserted іп some of 
the aluminum cables recently manufactured. While it is claimed 
by the makers that such cables are as durable as the ordinary 
aluminum cables and free from electrolytic corrosion, conclusive 
proof upon this is still lacking. It is understood that steel cores 
in aluminum cables are not considered satisfactory by English 
cable manufacturers. 

For long spans where great strength is required, wires and 
cables made of stecl having a coating of copper (copper-clad 
steel) are available, which give very good results. "These wires 
are still too high in cost to be used generally for power conductors. 
They are coming into use to a certain extent, however, for tele- 
phone and telegraph lines. 

In passing, it may not be out of the way to remark that there 
are several formulas in existence, all more or less tedious in their 
application, for the calculation of cable sags, taking into account 
temperature changes as well as spans and tensions. The majority 
of these are adaptations of the parabola formula and will give 
sufficiently accurate results so long as the spans and sags are 
moderate. We would suggest that some simple method, such 
as а set of curves, be evolved, based preferably on the catenary, 
from which the sags may be quickly and accurately determined 
for all possible conditions. 

Ground Wires. It is generally agreed that overhead ground 
wires are beneficial as a protection against lightning. Just how 
much protection is actually afforded, however, is still a mooted 
point. А report given below, on this subject from one of 
the large companies in the West well illustrates the feelings 
of a majority of operating enyineers. 

This company has about 450 miles (724 km.) of 60,000-volt pole line 


without overhead ground wires, and about 100 miles (160 km.) with the 
overhead ground wire. 
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In the case of one particular branch about 42 miles (67.5 km.) long, 
running northerly, we feel that we have had reliable and conclusive 
evidence that the overhead ground wire does protect. We have had 
a number of thunder storms cross this line at right angles, and while 
lightning would sometimes cause the automatic oil switches to open 
at the power station, yet no real damage occurred to either the line 
conductor or insulators, neither were the poles split by the lightning 
discharges. In other words, service could be re-established at once. 
On the other hand, these same storms would sometimes destroy pin 
type insulators and pole tops, on lines not protected with the overhead 
ground wire, and the general opinion has therefore been formed that the 
overhead ground wire does protect against material of the line being 
destroyed. However, we do not have either the number or severity 
of lightning storms that a large portion of the states do. We have, 
on all new work permitting the expense, equipped our lines with the 
overhead ground wires. 

We might add, however, that the testimony is not altogether in one 
direction. While we have had very good direct evidence of the useful- 
ness of the ground wire in one line, on another line we have had several 
insulators shattered, notwithstanding two ground wires on the top of a 
steel tower transmission line. "These troubles, however, have been due 
to what we are quite sure have been direct strokes of lightning. 


INSULATORS 


Reports received from various parts of the country indicate 
that the suspension insulator as usually manufactured, in the disk 
type with metal caps and pin, is quite satisfactory when new, ac- 
complishing the purpose for which it is intended, up to voltages 
of at least 150,000. The fly in the ointment, however, is that 
after they have been a year or two in service, failures begin to 
occur, and as time goes on a large number of the sections have 
to be replaced. To insure steady service on the lines the in- 
sulators have to be inspected at frequent intervals to weed out 
any that have become faulty. This trouble is not confined 
to any make of insulator nor to any section of the country. 
Extracts from reports from several companies are given here- 
with which will serve to show how prevalent the difficulty is and 
the means employed for inspection. The first report deals with 
conditions encountered on the lines of two or three companies 
in the South. | 

The Carolinas experienced very severe lightning during the past 
summer. Following repeated failures of insulators in a limited portion 
of a certain line, under the writer's observation, it was believed that there 
might exist insulators which were punctured, but of which no external 
signs were visible. 


The line in question consisted of a single and double circuit steel tower 
line, equipped with suspension insulators and one ground wire. 
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It was accordingly determined to see if it was possible to locate any 
such punctured insulators by means of a megger. 

À megger was secured, giving 500 volts, and reading 1000 megohms. 
The method of procedure was as follows: 

On a single-circuit tower line a party was organized consisting of 
engineer in charge of megger, and six linemen, working in pairs. One 
pair would proceed to ground the line on a certain tower and hold the 
leads of the megger, which consist of about 100 ft. (30.4 m.) of standard 
lamp cord, to the individual disks in the strings of insulators, by means 
of two wood handles. The readings would then be taken, whereupon 
the megger would be taken to the next tower on which another pair of 
men were ready to go through the same procedure. With this arrange- 
ment about four towers per hour could be tested, each tower being 
provided with eighteen disks. 

On a double-circuit line about 26 towers were covered in ten hours. 

The following results were obtained: 

On a total of 2100 disks under observation, 14 of this number were 
found defective. 

Twelve disks had defects invisible from the ground, and in two disks 
the defects were visible from the ground. 

Of the twelve invisible from the ground, two of these could be noted as 
defective from.the tower, four could be detected by very close inspection, 
after taking down, and six showed absolutely no defect. 

One of these disks, the defect of which was entirely invisible, measured 
300 megohms, two measured 250 megohms, and the balance were less 
than five megohms, which was the lowest point on the scale. Good 
disks were considerably over 1000 megohms. 


Insulator failures with reference to their location on line, and relation to 
ground wire: 

On a 100-kv. line, protected by ground wire, of a total of 94 failures 
of disks, it was noted that 28 were on the top wire, 25 on the middle wire, 
and 40 on the bottom wire. 

Insulator failures in reference to steel towers vs. wood poles: 

Insulator failures were compared on the following basis: 


100-kv. tower Іпе.................... :-. 85,770 disks 
BEailüres sve saduldq een esas seio: 94 “ 

(Wires arranged vertically, single and double circuit, one ground 
wire) 
60-kv. tower Ппев....................... 2440 disks 
Гаа орах deis diet deis 4 © 

(Wires arranged horizontally, single circuit, one ground wire) 
60-kv. wood pole Ппе.................... 14,850 disks 
Pallütescsle.-- ex steed o m aa o ems 4 ^ 


(Wires arranged on right triangle ,single circuit, one ground wire) 
60-kv. wood pole line, using pin type insulators. 5718 insulators 

Ea ures, Е dus aec up eR P aed ME Ee REA 1 insulator 
(Wires arranged in right triangle, single circuit, no ground wire.) 
The suspension disks are 10-in. (25.4 cm.) corrugated, single piece 
porcelain. The pin types are four-part, 14 in. (35.5 cm.) diameter, 

128 in. (31.9 cm.) high. 

In connection with these failures it should be noted that the 100-kv. 
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line is equipped with six disks per string and the operating voltage is 
between 95 and 100 kv. The 60-kv. lines have three disks per string 
and operate from 60 to 65 kv. The pin type insulators operate at 60 
to 62 kv. 

Probably one-third of the failures on the 100-kv. line occurred when 
the line was dead and the two ends of the same grounded. Of the four 
failures on the 60-kv. wood pole line, using suspension insulators, three 
of these occurred while the line was temporarily operating at 22,000 volts. 
The pin insulator failure occurred while the line was dead and all three 
wires grounded at one end. The question arises after considering these 
failures whether there is any use in having more disks than is required 
to give a reasonable factor of safety on insulators and also whether wood 
crossarms on steel towers should not be seriously considered. 


Next follows a report from a California company. 


Regarding the experience of the Southern California Edison Company 
with high-tension transmission lines, this company built a transmission 
line of 70,000 volts and about 120 miles (193 km.) long. 

The towers are of steel, and a pin type insulator was used, being 18 in. 
(45.6 cm.) in diameter. These insulators were carefully tested out in 
the factories in the East, and were of three different makes. 

These insulators gave absolutely no trouble for a period of at least 
one year, and the only line trouble experienced was due to eagles grounding 
the wire to the steel towers. However, after the second year had passed 
we began to experience considerable puncturing of insulators, and a careful 
inspection disclosed many insulators which were honeycombed with 
minute cracks. The line was very carefully gone over, each insulator 
being struck with a piece of hickory wood; this being the method used 
in testing fine porcelain ware in the china shops. АП defective insulators 
were carefully culled, every one not ringing true being at once removed. 
We sometimes found indications of cracks on the rim of the insulator, 
but as a rule on one or the other of the petticoats. During the past five 
years, I have brought this matter energetically to the attention of the 
porcelain manufacturers, and have always insisted that the porcelain 
of the insulator shows an apparent aging, the cause of which we have 
been unable as yet to determine. This may be due to the extreme changes 
of temperature, to the continual vibrations of the wire, or perhaps a 
combination of the two; at any rate the aging of these insulators is 
going on with increasing rapidity, and every inspection of the line means 
the finding of hundreds of defective insulators which were in good shape 
the year previous. ; 

In changing these insulators over (which work 15 going on at present) 
all are being replaced, both good and bad, with the suspension type. 
We have endeavored to use a few of these large 18-in. (45.6 cm.) insulators 
on some of our local 33,000-volt lines, with the idea that they would be 
serviceable in sections where the salt from the sea rapidly encrusts them; 
but even at this low potential we have had many of them break down 
electrically, showing that the insulators which originally stood the test 
for 100,000 volts were rapidly becoming wholly unfit for any of the high- 
potential work. 

Our experience with the suspension tvpe insulator has been too limited 
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to warrant us in giving an opinion as to their superiority over the pin 
type, but on our 60,000-volt line, four insulators in series, extending from 
Long Beach to Colton, a distance of approximately 80 miles (128.7 km.), 
we have discovered a great many broken insulators; especially when 
used as strain insulators. These were evidently broken by extra mechan- 
ical strain, and showed no exterior indication of injury. We, however, are 
watching this very closely, and have gone to the expense of changing 
the sets of insulators, taking the old ones back to our laboratory for test. 
As stated above, there appears to be a continual aging of all porcelain 
insulators going on, and they seem to be short-lived. Whether this is 
due to the combination of electrical and mechanical strain, I am unable as 
yet to say. | 


The following report by another engineer is along the same 
lines. 


Experiments in the method of eliminating defective insulator sections 
by tests of insulation resistance with a megger have been conducted on 
the 100-kv. lines of the Yadkin River Power Company in North Carolina 
and upon new insulators in Utah intended for erection on the 130-kv. 
lines of the Utah Power & Light Company. 

The Yadkin River Power Company operates 96 miles (154.4 km.) of 
double-circuit 100-kv. line from the Blewett Falls generating station to 
Raleigh and connecting through to the Southern Power Company at 
Durham, and also a 56-mile (90.1 km.) single-circuit line from Blewett 
Falls to Lumberton. This latter line is supported in part by single- 
circuit towers and in part by double-circuit towers carrying also a 22-kv. 
circuit. The conductor is three-strand No. 1 B. & S. copper. There 
is one overhead grounded cable and the insulators consist of six 10-in. 
(25.4 cm.) disks of the usual type. This line traverses a district sub- 
ject to lightning storms of unusual and even extraordinary severity. 
During the past summer, the first lightning season of the line's service, 
there have been numerous cases of insulator trouble. Nearly all of the 
trouble has been experienced over a short section of about six miles 
(9.6 km.) length. "The section is in open country and contains no angles 
or special features of construction, and no explanation of its especial 
susceptibility is obvious except that the storms appear to be of greatest 
severity in this vicinity. Failures have occurred usually on insulators 
supporting the top or the bottom conductor. The top conductor changes 
to the bottom at a transposition point in this trouble section. 

The failures have been almost all of the same character; a disk will 
be punctured through the head, inside of the cap, the puncturing will be 
accompanied by an explosion which will blow considerable porcelain 
from the cap, causing the disk to separate and allowing the line to drop. 
The disk usually affected is the lowest of the string. 

The load at Lumberton is mainly cotton mill power and no power is 
taken on Saturday afternoon and Sunday. On Saturday and Sunday, 
August 16 and 17, megger tests were made of all of the disks on 28 towers, 
covering between three and four miles of the section which has been 
experiencing trouble. 

On the 28 towers were 01 strings of six disks each, or 564 disks. The 
disks were tested one at a time. Thirteen disks or 2.3 per cent were 
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found to be defective, the 13 disks occurring in 12 strings. Of the 13 
punctured disks, two would have been apparent from the ground, since 
the disks were broken; six could have been discovered by close inspection 
after climbing the tower, since there were cracks in the metal insulator 
cap; three could not have been observed from the tower but would be 
apparent after taking down the insulator; and in two cases the disks did 
not show any visible evidence of having been punctured, although the 
megger showed them to have no insulation value. 

Although these tests were on a very small scale and there has been no 
subsequent opportunity for continuation of them, yet they indicate that 
frequently a string of insulators will fail gradually, one disk at a time, 
and that a considerable measure of protection may be secured by periodic 
elimination tests with a megger, provided lines may be taken from service 
for the tests. 

In Utah experimental tests have just been started on insulators not 
yet erected. The first reported test was as follows: 

A. 400 10-in. (25.4-cm.) disks were tested and found good. 

B. 100 10-in. (25.4-cm.) disks of another make were tested and 
found good. 

C. 264 pillar insulators each consisting of three 10-in. (25.4 cm.) 
disks were tested; 26 insulators contained one bad disk each 
and two contained two bad disks each, a total of 12 per cent 
bad insulators or 4 per cent bad disks. 

The insulation resistance of the defective disks ranged from 550 megohms 
to a value below the scale of the megger, which was one megohm. 

D. 12 pillar insulators of another make, each consisting of eight 
14-in. (35.5-cm.) disks, were tested and one disk found bad. 
The insulation resistance of this disk was about 25 megohms. 

The defective insulators had been subjected to a factory high-potential 
test before shipment. 

Three of the low-resistance 10-in. (25.4-cm.) disks in the pillar in- 
sulators mentioned above were subjected to a high-potential test and 
all failed, although at such voltage values as to make it seem possible 
that some would have stood up for a considerable period in service 
before actually puncturing. In the case of two others of the low-resist- 
ance disks, the metal caps were drilled off, but no cracks or visible defects 
were found. In general, it seems probable that clean insulators which 
have the low values of insulation resistance noted above will not stand 
high-potential service, owing to the local heating which would inevitably 
result. 

These Utah tests are being continued with a view to determining the 
advisability of making such tests of all of the insulators on hand before 
putting them into service. 

It is planned to incorporate a megger test in the specifications for all 
future insulator orders. 


At voltages around 110,000 and even somewhat higher, there 
seems to be no reason for providing protection for the end units 
of suspension insulator strings to equalize the voltage gradients 
over the whole. There will doubtless come a time, with higher 
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voltages, when such protection will be needed, and experiments 
have been made which demonstrate the efficiency of end shields 
for this purpose. These shields act simply as electrodes for 
equalizing the electrostatic field in the region occupied by the 
insulators. Shields should present smoothly rounded surfaces 
and edges and need be no greater than 12 to 14 in. (30.4 to 
35.4 cm.) in diameter to produce good results. With these 
shields may be mounted arcing rings or tips to keep arcs away 
from the insulators as found necessary. 


CLAMPS AND FiTTINGS 


There are several types of clamps on the market intended to 
secure the line conductors to suspension and strain type in- 
sulators. "These all perform this function very well insofar as 
they do not allow the conductor to slip. Some are so severe, 
however, that the cable is mashed and unfit for taking strains 
if the sags ever have to be readjusted, by no means an uncommon 
occurrence. Practically none of the clamps are designed with 
smooth outlines or with an idea of avoiding more or less sharp 
projections which cause static discharges at the higher voltages 
and which concentrate the electrostatic field 1n that vicinity. 


NoTES ON STATION ÁPPARATUS 


Rapid improvement has been made in the design and construc- 
tion of transformers since the advent of the higher voltages. 
It was a comparatively simple matter to build a transformer 
for 60,000 volts which would stand up under all manner of severe 
service without ever giving any trouble, even when used with 
a large gencrating capacity back of it. "Transformers built 
along the same general lines with more insulation were then tried 
at 110,000 volts, but trouble developed almost at once, sometimes 
through the short-circuiting. between turns of the windings or 
else at tap points, and quite often by the distortion of the coils 
under short-circuit conditions. It was then recognized that 
because of their different physical constants, the higher voltaze 
transformers were, so to speak, much more susceptible to line 
disturbances such as switching, etc., than those for lower voltage, 
and the designs have been changed accordingly, much attention 
being given especially to the bracing of the coils. The greatly 
improved results which have been obtained since these changes 
have been carried out, testify to the soundness of the principle 
of strengthening apparatus against failure rather than the 
spending of large sums on protective devices of various kinds. 
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An important problem for distribution companies serving 
sparsely settled districts, especially those in the West, is that 
of securing small high-voltage transformers, three-phase or 
single-phase, which will stand up under the line switching, 
surges, etc., which occur in ordinary operation of a large high- 
tension system. The companies must generally reach out for 
all possible load wherever it may be, and it is of prime importance 
that this subject of small high-tension transformers should re- 
colve the greatest possible consideration, as the services usually 
secured by their use pay the highest price for energv, making 
it possible for any company to extend its lines to be ready for 
the business as the country develops. Such transformers only, 
will make it possible to serve the farming community, which, 
it is claimed by some, offers the most attractive income now in 
view for operating companies, because of the fact that once the 
farmer is connected to the lines, he will remain a customer 
with increasing energv consumption, with good load factors, 
and furthermore, the general expense of service such as collec- 
tions, moving meters, etc., is very much reduced with this 
class of service, in contrast to the floating population of a great 
many cities. 

Oil circuit breakers are becoming more reliable for high po- 
tentials and heavy service, but it is still unwise to attempt to 
rupture short circuits close to the generators when their com- 
bined normal capacity is much greater than 50,000 kw. 

While it is generally believed that the electrolytic lightning 
arresters, as at present developed, are the best in their line that 
the art affords, it is still quite difficult to make any definite 
qualitative statements in respect to the protection they actually 
afford against lightning or other disturbances. Certainly no 
one would care to take the responsibility of operating stations 
without arresters, for they are considered to be a form ofin- 
surance against trouble; but it would be desirable to have more 
light on the subject. 


INTERFERENCES WITH TELEPHONE AND TELEGRAPH LINES 


This 1s a subject which has been given but little attention, 
although the problem is a very important one. Nearby tele- 
phone and telegraph lines are sometimes made inoperative when 
any disturbance exists on the transmission linc. 

A good part of the trouble of the telephone service is due 
to insufficient insulation. Some of the lines, before long-distance 
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transmission was inaugurated, ran through and touched the 
branches of tree tops which caused leakage in wet weather, and 
hence unbalanced the wires. 

With the troubles due to poor insulation overcome and the 
transmission line well balanced, no further trouble was en- 
countered except at times of disturbance or interruption on the 
transmission line. With grounded systems this resulted in the 
burning out of telegraph relays and blowing fuses on the tele- 
phones. | 

А much more difficult matter to deal with is the making 
of the transmission company's own private telephone to operate 
at all times. Usually the telephone line is needed the most 
at times of trouble and this is just the time when it 1s out of 
service, having been put out of commission by the trouble itself. 

When providing protection for a recent telephone line parallel- 
ing a high-voltage system for a distance of some 300 miles (482.8 
km.), it was found that there 1s no protective apparatus on the 
market capable of handling the large induced currents which 
are always present on such lines. 

Thus the apparatus had to be built, and was of a very substan- 
tial character. The basic principle which was worked upon was 
to make the line subject, in the first place, to as little trouble 
as possible by carefully insulating and balancing it with respect 
to the transmission line circuits. This meant that transpositions 
had to be placed at frequent intervals. Furthermore, no twigs or 
other objects were allowed to come into contact with the wire. 
The usual grounding coils, but designed specially for this purpose 
were cut in at each station. By these means alone the line was 
rendered quiet, even though within 60 ft. (18.2 m.) of the high- 
voltage wires, and conversation could be carried on over a distance 
of 125 miles (201 km.) with greater satisfaction than over the 
paralleling commercial circuits. Much heavier fuses were used, 
forit was not permissible to have them blow out when the circuits 
were needed most. Discharge gaps were provided, some of these 
being in vacuum, which gave very good results. The other 
protection consisted of condensers and choke coils tor absorbing’ 
the smaller disturbances which would make conversation more 
or less unsatisfactory. It must not” be understood, however, 
that any or all of these means can be guaranteed to produce 
a quiet working line, for each case must be studied by itself and 
methods adopted to meet the conditions. 
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APPENDIX I—DETERIORATION OF PORCELAIN 
INSULATORS IN SERVICE 
BY J. А. BRUNDIGE 


While it has been recognized practically since the inception 
of the electrical art that the commoner insulating materials, 
such as rubber and compound treated fabrics, are subject to 
more or less rapid destruction when under the influence of con- 
tinued electrical stress, the more solid insulating bodies, like 
glass and porcelain, were looked upon as being permanent in 
their characteristics and it was considered that they could be 
relied upon indefinitely to perform their functions. This idea 
in the minds of engineers has persistently held, even though 
a few pioneers a number of years ago suggested that it was not 
impossible that glass and porcelain might be subject to a mole- 
cular fatigue when acted upon by electrical forces for long 
periods, similar to that exhibited by metals under repeated 
mechanical stresses. Now it is safe to assume that the majority 
of operating engineers, having to deal with higher voltage trans- 
mission lines, have had experiences which Icad them to believe . 
in the theory of electrical fatigue in porcelain. Whether this 
comes about solely through the continued application of the 
normal operating voltage or whether it is due to the transient 
overvoltages which are unavoidable on any line, is hard to say, 
but the existing evidence points to the latter conclusion. 

It must not be understood that all or even the greater por- 
tion of the failures experienced with suspension type insulators 
are due to molecular deterioration of the porcelain. A large 
number of the failures have been traceable to improper design 
of the insulator parts or to an unsuitable porcelain body. 

It has been the experience of a number of transmission com- 
panies to have practically no insulator trouble for the first 
couple of years of operation; then the insulators began to fail 
in increasingly greater numbers, for no apparent reason. Closer 
examination, however, sometimes revealed the fact that minute 
checks had formed all over the surface of the porcelain, and 
that the failure had been due to a crack extending clear through 
the shell. This behavior of the porcelain has not been con- 
fined to any kind or type of insulator nor to any one manufac- 
turer's product. 

The principal requisites for a good porcelain for high-voltage 
insulators, are high dielectric strength and mechanical tough- 
ness. These two qualities are somewhat opposed to each other 
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in the actual manufacture, fcr whcn a high diclectric strength 
is obtained, the porcelain is apt to be brittle like glass. It is 
possible, however, to arrive at mixtures which exhibit both 
properties to a marked extent when thc firing has been properly 
done, altho ugh it is regrettable that some so-called high-voltage 
porcelains appear to be lacking in both of these properties. 

This can be better understood when it is learned that the 
mixtures used by two promin ent manufacturcrs, cach putting 
out a product which is accept ed as reasonably good, vary greatly 
in the proportion of ingredients employed. While the felspar 
contents of the two mixtures are of the same order, one has 
twice as much flint as the other, and the quantities of ball 
clay and china clay vary as much as three to one. Yet the 
different manufacturers regard their mixing formulas as trade 
secrets, and the proportions are religiously followed down to 
tenths of one percent. This latter is doubtless done for the sake 
of uniformity of product, which is important, but until the 
mixtures more nearly approach a recognized standard, it ap- 
pears that more or less trouble may be expected with high- 
tension insulators. 

Doubtless, the factor having more to do with the failure 
of insulators than the porcelain body is the design; or in other 
words, not only must the electrical characteristics of the in- 
sulator, such as puncturing and flash-over values, both of which 
are highly important, be considered, but also the size and shape 
of the parts as well. With certain pin type insulators, especially 
those mounted on metal pins, cracks have been observed in 
quite a number of the petticoats. These were evidently ex- 
pansion effects due to temperature changes. The same effects 
have been noticed to a greater extent with the suspension type 
insulators provided with metal caps and pins. We have here 
porcelain, cement and iron assembled together, the coefficients 
of temperature expansion of the three being quite dissimilar. 
In this latitude the temperature variation between summer 
and winter days is well in excess of 100 deg. fahr., and it can be 
appreciated that enormous internal strains must be set up in- 
side of the caps. The porcelain being the least able to with- 
stand these forces, is the part that suffers and cracks, with the 
attendant clectrical punctures ensuing. In the case of an 
insulator designed for high mechanical strength in tension, 
which necessarily means a rather high cap with correspond- 
ingly long pin, the temperature changes cause a marked var- 
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iation in the length of the pin, which is in contact with the por- 
celain through means of a layer of cement for a distance of some- 
times 21 to 3 in. (6.3 to 7.2 cm.) along its length. The great 
strain to which the porcelain is subjected is then apt to produce 
cracks perpendicular to the axis of the pin, which has actually 
been found to be the case in a large number of instances. These 
cracks, however, are mostly very minute and can hardly be 
detected by the eve if the cap and the cement have been care- 
fully removed. А line of ink drawn over the surface of the 
porcelain, however, will nearly always disclose the cracks, as 
the ink will be drawn along them by capillary action. 

The method of failure of suspension insulators with metal 
caps and pins is often quite characteristic. Cracks de- 
velop at some point inside the cap, and when the current 
leakage through them is sufficient, a path is fused through the 
porcelain by the intense heat generated. If the heating takes 
place relatively slowly, a hole is apt to be fused through the cap, 
through which gases and melted porcelain are forcibly expelled, 
but the insulator usually holds together and continues to support 
the cable. With a large amount of power back of the break, 
which may act in the nature of a short circuit inside the insu- 
lator, caps have been known actually to explode, in which event 
the line conductor is allowed to fall. Before the burning of 
the caps can take place, it is necessary that several of the units 
of an insulator string be bad, and instances have been observed 
where all the caps of ten-unit insulators have been so affected. 
With the better methods for locating cracks and faults as soon 
as they have developed, such as the high-range megger, the 
pyrotechnic displays above described have become fewer. 

Because of several instances of trouble of this character 
having recently been observed in connection with suspension 
type insulators, some engineers have been led to believe that 
they are unsuccessful, which conclusion is wholly unwarranted. 

The high-range megger has proved to be an extremely useful 
instrument for the locating of insulator faults undiscoverable 
so far as ordinary means of inspection are concerned. Tests 
made on a large number of units later checked up by tests 
with a high-tension transformer, have shown that the megger 
can be absolutely depended upon if reasonable care is used to 
see that there is no leakage in the conducting leads. To show 
the sensitiveness of the megger, the two electrodes can be placed 
within 1 in. (6.3 mm.) of each other оп a glazed porcelain sur- 
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face or upon a fractured surface where there is no glaze and the 
reading will be practically infinty. By blowing the breath 
upon this surface even when the porcelain is at a moderately 
high temperature, the moisture so deposited will be sufficient 
to give a comparatively low reading on the needle. When a 
crack occurs in the porcelain up inside the cap there is always 
sufficient moisture present in the cement to give an indication 
on the needle, which need not be confounded with surface leakage, 
if the insulator is at all reasonably clean. If the insulators 
are so dirty that surface leakage is marked, they should be 
cleaned before the megger test. Certain insulators may give 
a reading of from 40 to 100 megohms, and if later tested with 
a high-tension transformer they will not fail immediately upon 
the application of voltage, but may hold up until 30,000, 
50,000 or even 60,000 voltsis reached before puncturing. "Those 
which show a zero reading on the megger will stand no voltage 
from the testing transformer. 

An interesting experiment was recently made by immersing 
a batch of insulators in water at ordinary temperature and 
slowly bringing them up to the boiling point. Twenty insu- 
lators, some two or thrce years old, were tested in this manner 
and every one was found to be ruined by the time boiling point 
was reached. These were from two different manufacturers, 
one of whom has previously delivered batches of insulators 
where bringing them to the boiling point of water was one of 
the routine requirements before the insulators left the factory. 
Other similar tests made on new insulators of the same design 
did not produce failure,except in a few units. The probable 
explanation of this is that in the new insulators the cement 
had not yet attained its ultimate hardness, and allowed the ex- 
pansion to take place in the pin without cracking the porcelain. 

The data at hand upon insulator failures are unfortunately 
very incomplete, and until these are collected and have been 
studied, all designs brought forward must necessarily be lacking in 
some respect. [Enough is already known, however, to indicate 
the general direction which the new designs will follow, and it 
mav be confidently predicted that the troubles experienced will 
be materially lessened in the immediate future. 


Ф 


1914] HIGH-TENSION TRANSMISSION 219 


APPENDIX II—RADIUS OF INFLUENCE OF A DIRECT 
LIGHTNING STROKE 
BY L. C. NICHOLSON 

A lightning stroke to earth at some point adjacent to a high- 
tension transmission line induces voltages and frequencies in 
the transmission conductors of sufficient magnitude to affect 
the insulation of the line, causing either spill-overs or punctures 
of insulators. The question often arises as to how near the line 
lightning can strike without affecting its operation. The answer 
to this question can never be definite, since not only do trans- 
mission lines vary in degree of both insulation and lightning 
protection, but the character and severity of lightning strokes 
undoubtedly vary between wide limits. General atmospheric 
electrostatic conditions also have an effect. 

Through continued personal inquiry it is possible to arrive 
at a general estimate concerning the radius of influence of a 
direct lightning stroke. By noting objects which have been 
struck by lightning adjacent to transmission lines and compar- 
ing the operation of the line at the time the object was probably 
struck, an opinion can be arrived at, which is applicable to a 
particular transmission line located in a given lightning bolt. 
Such an opinion undoubtedly would have to be modified con- 
siderably to apply to transmission lines of different insulation 
characteristics and lightning protection and exposure. 

Observation and inquiry lead to the following general con- 
clusions.on this subject. 

1. It 1s doubtful if any degree of insulation in use at present, 
with or without the ordinary protective measures, will with- 
stand the effect of a direct stroke of lightning on the line. In 
such a case the electromechanical forces acting on the porcelain 
are very high, usually causing insulators practically to explode. 
It is not unusual in such cases to find insulators shattered into 
small fragments, many of which are thrown as far as 100 ft. 
(30.4 m.) from the line. Furthermore, a direct stroke usually 
envelopes all the conductors of a line and sometimes envelopes 
several lines located relatively close together. This would 
indicate that the area of the stroke itself is large, or that it has 
numerous prongs. Observation of burn marks on conductors 
which were struck when there was no power on the line indicate 
by their distribution and extent that the diameter of the stroke 
was approximately 20 ft. (6 m.) Such being the case it is not 
surprising that one or more overhead ground wires cannot 
always intercept direct strokes. 
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2. Induced effects from strokes at some distance from the line 
may, on medium-voltage lines, be of sufficient magnitude to 
cause flash-over or puncture of insulators. Extended obser- 
vation of the operation of 60,000-volt pin type insulators, un- 
protected by overhead wires, leads to the estimate that the 
radial influence of direct strokes is rarely in excess of 2000 ft. 
(609 m.) and may be less than 100 ft. (30.4 m.). These are 
rather wide limits. but the most definite evidence available 
indicates their probability. It appears that strokes of great 
severity, 2000 ft. (609 m.), and more in extreme cases, from the 
line, produce disturbances of operation, while strokes of less 
severity may occur at 100 ít. (30.4 m.) from the line with- 
out producing such results. These last are, however, in our 
opinion, rare, and a stroke at less than 2000 ft. (609 m.) from 
the line is apt to cause trouble. 

In more highly insulated lines the danger zone apparently 
decreases substantially, and in the most highly insulated circuits 
at present in operation it is probable that the large majority 
of induced effects are insulated and protected against, leaving 
only direct strokes on the line itself to be taken. 

Careful numerical tabulation of lightning effects indicate 
that direct strokes on the line constitute approximately 10 per 
cent of all lightning disturbances on 60,000-volt pin type cir- 
cuits located in New York State. 


APPENDIX III——TRANSMISSION LINE PROBLEMS IN 
THE WEST 


BY P. M. DOWNING 


The different power companies operating on the Pacific Coast 
have done a great deal in the way of pioneering in the transmission 
of power over long distances at high voltages. This was due, 
to a considerable extent, to the fact that there 1s an abundance 
of water available for the hydroelectric generation of power, 
and also to the fact that the cost of fuel is very high as compared 
with that further cast. 

The first long-distance transmission to be put into successful 
operation on this coast, if not the first in the United States, was 
that of the San Antonio Light & Power Company in southern 
California, at what is known as their Pomona plant. This 
transmission was for a distance of 30 miles (48.2 km.) at 10,000 
volts. 


1914] HIGH-TENSION TRANSMISSION 221 


Transformers were at that time not manufactured for this 
voltage, and it was necessary to connect in series ten 1000-volt 
transformers for stepping up. The low-tension windings were 
connected in multiple. 

The first polyphase installation was made in 1893, at Mill 
Creek, and furnished power to the city of Redlands. 

The success of these undertakings gave a great impetus to 
the hydroelectric industry, and inside the next five or six years, 
there were several different companies operating at voltages as 
high as 60,000. 

The climatic conditions of the Pacific Coast, and particularly 
of California, are most favorable to the operation of high-voltage 
lines. Except in the higher mountain districts, there is practi- 
cally no snow to contend with, and there are but very few places 
where lightning ever causes any trouble. Some operating com- 
panies have installed lightning arrester equipment, but it is 
not common practise to do so. The well-known horn gap arrester, 
one side of which is connected directly to ground without re- 
sistance, has in many instances been used to advantage, more as 
a voltage limiting device than as a lightning arrester. These 
have proved quite satisfactory for this work. Ground wires 
strung above the line wires have becn used to some extent, but 
there is so little trouble from lightning that engineers have never 
been able to decide as to whether or not there is any advantage 
In using them. 

Very seldom, if ever, is it possible to find where an insulator 
has been punctured due to lightning. This is, possibly, duc to 
the fact that the high voltage dissipates itself over the surface of 
the insulators. A number of instances is known where lightning 
has gotten onto the line, burned off one or more wircs between 
poles, and gone to ground without in any way damaging the in- 
sulators, and only slightly damaging the wood poles. 

The greatest trouble on lines using the ordinary four-part, 
14-in. (35.5 cm.) pin type insulators at voltages around 60,000 
is that due to leakage over the insulator. The climate of this 
coast is peculiar in that there are two seasons, one being dry 
and lasting for six months, the other being wet. During the 
dry season, and particularly in the sections near the coast, dust 
and salt fog will accumulate on the insulators to such an extent 
that leakage will eventually burn off the pole, and sometimes the 
line wire, without damaging the insulator itself. 

Different ways of overcoming this trouble have been tried, 
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but nothing seems to improve the condition, except cleaning 
theinsulator. Even this docs not entirely overcome the trouble. 
After the first heavy rains come on in the early winter, the in- 
sulators are washed off, and little trouble need then be expected, 
until they have again become covered. The thing that seems 
to eliminate the trouble most is to tie the pins together electric- 
ally, but not ground them. The grounding has been tried, but 
with unsatisfactory results, because arcs will oftentimes be es- 
tablished between line wire and 'ground, which will hold until 
the voltage drops sufficiently for them to be extinguished. 

The regulation of voltages on a high-tension network is not 
always an easy problem. No one particular point can be selected 
at which voltage can be kept constant, but it is necessary to 
keep it as near constant as possible over the entire network. 
This is accomplished by the use of synchronous condensers 
located at the more important distributing centers. These 
condensers can be made automatic by varying the fields. Sev- 
eral such installations are now in satisfactory operation. 

The first high-voltage oil switches used at 60,000 volts were 
put into operation on the transmission lines in this State. The 
same general type and design that was originally selected as 
being suitable for 40,000 volts is still being used. On the 
110,000-volt lines the same generaltype. with slight modifications, 
is also being used. In this particular switch the circuit is opened 
at two or four points, depending on the voltage and load carried. 
The contacts are made by rotating blades moving in a horizontal 
plane. The separate oil containers for each leg of the circuit 
are insulated from each other and from the ground by means 
of properly designed porcelain bushings or insulators. 

Another very successful design of switch for the same character 
of service 1s that using a pantagraph arrangement of links carry- 
ing а contact and operated by a vertical movement of one corner 
of the pantagraph, thus giving a break in a vertical plane. Doth 
of these types of switch have for years been in successful op- 
eration under all conditions of load. They have a weakness 
common to all oil switches, in that when operated under a heavy 
short circuit they will at times throw oil out of the container. 

Outdoor oil switches, cither automatic or non-automatic, 
are being used very generally for branch lines, or for sectionalizing 
trunk lines. For economic reasons the automatic switches are 
very often operated by means of a solenoid placed directly in 
the main line. Such an arrangement,does away with the use 
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of current transformers, but has the objection that the connec- 
tion from the movable plunger to the relay, or trip, must stand 
the entire voltage from line to ground. 

As the sensitiveness of the trip is, to a considerable extent, 
dependent upon the weight of the moving parts, the importance 
of keeping this weight down to a minimum is apparent. Well- 
treated rods of sufficient length have been used to make the con- 
nection from the plunger to the trip, or relay, but they have 
not been entirely satisfactory, because sooner or later they cause 
trouble from burning. 

Transformer designs have more than kept pace with the art 
of long-distance transmission at high voltages, and it is now 
possible to get satisfactory apparatus for any voltage that can 
be handled on the lines. 

One thing, however, that some manufacturers have failed to 
give proper attention to is that of supporting the windings to 
prevent injury or distortion due to mechanical strains set up 
when short circuits occur. In units of large capacities and high 
voltages, the coils are generally built of strap copper, using one 
turn per layer, these turns being separated by one or more 
thicknesses of insulating material. Obviously, with such a 
construction, the turns will be easily displaced, unless they are 
well supported on both sides. 

A number of failures have recently occurred where straight 
vertical separating strips have been used in assembling the 
coils, thus leaving the turns between these separating strips un- 
supported throughout their entire length, and allowing them 
to be displaced when short circuits came on. Shorter strips 
placed diagonally across the coils, or wave-shaped strips, which 
will allow a free circulation of oil, will entirely overcome this 
trouble. 


APPENDIX IV—SWITCHING 
BY G. FACCIOLI 


Switching produces, in general, an abrupt change in the value 
of the electromotive force and of the current of the circuit, or 
of either of these quantities, and therefore it produces a sudden 
change in the amount of energy stored in the circuit, with the 
result that oscillations are produced. 

The severity of these oscillations depends on the difference be- 
tween the running conditions before and after the switching is 
done. For instance, if a dead line at zero potential is suddenly 
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connected to an alternating-current generator, the oscillation 
produced will be most severe when the switch makes the con- 
nection at the instant at which the clectromotive force has its 
maximum value. Likewise, if a short-circuited line is discon- 
nected from an alternating-current generator, the oscillation is 
most severe when the circuit 1s broken at the instant at which 
the current passes through its maximum value. 

The oscillations are of two kinds: They may occur between 
inductance massed at one point of the circuit, and capacity 
massed at another point of the circuit, as for instance, when a 
dead line which acts practically as a condenser is connected to 
a generator which acts practically as an inductance, or when a 
line (capacity) connected at one end to a step-down transformer 
(inductance) is disconnected from the generating system. 

They may also occur between the distributed inductance and 
capacity of a part of the circuit, as for instance, when a linc is 
disconnected from a generator and the energy stored in the line 
gradually dies out, changing from electromagnetic energy stored 
in the distributed inductance of the line, to electrostatic energy 
stored in the distributed capacity of the line and vice versa, or 
when an unloaded step-down transformer is disconnected from 
the line, its windings acting similarly to а line. 

These oscillations do not, in general, constitute a great danger 
to the circuit if the contact in the switch 1s made once, positively, 
for every switching operation. 

However, if each switching operation is accompanied by arcs, 
so that the circuit is repeatedly closed and opened, then the pres- 
sure rises may become dangerous, and destructive cumulative 
oscillations may be set up in the apparatus. Furthermore, at 
the instant at which contact is made, traveling waves are sent 
out from the point of switching along the line in both directions. 
These traveling waves with steep fronts follow, naturally, the 
well-known rules of reflection and refraction, and whenever 
they strike a localized oscillatory circuit, they excite in it os- 
cillations at its natural period. 

For instance, if a dead line is suddenly connected to a live 
line having the same constants, a “ wave of charge," equal 1n 
value to one-half of the potential of the live line, starts along 
the dead line from the switching point. If the dead line is open 
at the far end, the “ wave of charge ” is reflected back at double 
potential, etc., etc. At the same time a “ wave of discharge ”’ 
starts along the live line from the switching point with a value 
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equal to one-half of the original voltage of this line. If the 
live line is connected at its origin to transformers, this “ wave 
of discharge " is reflected back with double voltage and mav 
excite local oscillations in the transformer windings or in the 
circuits of the power house, etc., etc. 

These traveling waves are a source of danger and obviously 
the danger is increased when sparking and arcing occur in the 
switch. 

It is seen from the above that high-tension switching, which 
has lately gained so much importance in the art, should be done 
very judiciously and only when necessary, unless special pre- 
cautions are taken to avoid the disturbances resulting there- 
from. 

As a rule, low-tension switching is preferable, as this avoids 
steep wave front phenomena. 

For instance, in energizing a line, it is preferable to connect 
the dead line to the dead step-up transformer and then connect, 
by low-tension switches, the line and transformer to the genera- 
tor, rather than connecting the transformer alone to the genera- 
tor and then switching the line onto the high-tension winding of 
the transformer. Of course, in this case it would be still better 
to connect the line and the step-up transformer and the generator 
together while the whole system is dead and then bring it up 
gradually to full potential by the excitation of the generator. 

Fuses act similarly to switches, except that the former open 
under load, while switches are, as arule,operated at approximately 
no-load. The sudden interruption of large amounts of current 
results in considerable over-tensions, and this is the danger that 


usually accompanies the blowing of fuses. 
“ 
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PRACTICAL OPERATION OF SUSPENSION INSULATORS 


BY H. W. BUCK 


ABSTRACT OF PAPER 


The paper describes some of the mechanical and electrical 
problems which have been experienced on high-voltage transmis- 
sion lines equipped with suspension insulators and points out some 
of the principles involved and some practical methods for guarding 
against the troubles. Figures are given showing the deflections 
which will take place for various sizes of aluminum and copper 
conductors at the insulators, under the pressure of maximum 
probable wind velocity. 


HE APPLICATION of suspension insulators to  high- 
voltage transmission lines, since their first introduction 
in 1905, has been very general on all lines operating at voltages 
over 50,000, and the results obtained have been in most cases 
very satisfactory. The change, however, from the rigid pin 
insulator to a construction involving the free and flexible sus- 
pension of the conductor in space is a radical one and the change. 
in practise has taken place with considerable abruptness, so 
that it is not surprising to have experienced a new class of line 
troubles. It is the purpose of this paper to point out a few of 
the difficulties which have been experienced, with the hope 
that a discussion of the subject may lead to improved stand- 
ards of construction for such lines. 

In the pin insulator line the conductor is held rigidly at every 
insulator, consequently lateral and longitudinal movement of 
the conductor is resisted at every point of support. Suspen- 
sion insulators, however, except at dead-end connections, are 
free to move in all directions. The result is that high winds 
occasionally cause displacements which are electrically and 
mechanically dangerous to the operation of the line. De- 
flections of suspension insulators from the vertical position 
result also from other causes, which will be discussed later. 

Large angular deflections of suspension insulators require 
large clearance spaces, which necessitate long crossarms and 
increased cost of tower. Consequently it is desirable to limit 
the deflection as far as possible. A 60-deg. angle from the ver- 
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tical is assumed to be the maximum allowable under extreme 
conditions. 

In order to show how nearlv the above limitation can be 
attained in practise. Table I is given, indicating the deflections 
caused by wind pressure on various sizes of conductor, at the 
insulator. The wind pressure assumed in the table is 15 
lb. (6.8 kg.) per sq. ft. (0.09 m.) of projected conductor arca, 
which is taken as the maximum. Wind pressure deflections 
are practically independent of span length, since wind pressure 
per span and the force which resists the wind pressure, 
namelv, the weight of the conductor, both vary directly with 
length, in the same proportion. 


TABLE I 
— ==. = == 
| | c D 
Size A. Cas | uds pressure Angular deflection Auxiliary weight 
CEN ERR teu тартады „2. 
\ 
П STRANDED STRANDED COPFER 
| 4 15 Ib. 66 dex. 0.011 Ib. | 
3 | 15 * 63 * 0.028 “ | 
x 2 | 15 * 00 * 0.0 $ 
1 15 * 55 “ 00 <“ | 
0 | 15 * 65 “ 0.0 Е 
| 00 | 15 * 52 * 0.0 Ç: | 
| 000 15-* 49 * 0.0 s | 
| 0000 | 15 * | 45 “ оо * 
| | STRANDED ALUMINUM 
| 2 15 lb. 51 deg. 0.156 Ib. | 
1 | 15 * 79 0.161 * | 
| 0 15 * 75 o" 0.171 “ | 
| 00 15 * 77“ О 152 * 
000 15 * rr 0.1s6 * | 
0000 15.4 Tis 24 0.196 “ 
250000 | 15 * 722.74 0.190 “ 
| 300000 15 * jb 0.177 * 
| 400000 15 * 68 * 0.158 * | 
| 500000 15 * 66 “ | 0 125 * | 
( | 


Experiments have shown that the weight of the string of 
suspension insulators themselves will not act to resist wind 
displacement of conductor, since the exposed surface of the in- 
sulators is sufficient to cause their deflection by wind pressure 
without the attachment of the conductor. Neither will the 
deflection vary appreciably with the size and design of the 
insulators, since a heavier insulator ordinarily exposes a larger 
"sal area.” The wind displacement of conductor can there- 
fore be assumed to be independent of the number of insulators 
in the string, and of their particular design. 
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Table I indicates approximately the wind deflections which 
wil take place for various sizes of conductor under a stress of 
wind equal to 15 1b. per sq.ft., as above. Two tabulations are 
given, one for copper, and the other for aluminum. 

In Table I, column A shows the conductor size in B. & S. 
gage. Column B gives the assumed wind pressure in pounds 
per square foot of projected cable area. Column C gives the 
angular deflection of the insulator from the vertical, due to the 
assumed wind pressure on the conductor, assuming that the 
insulator itself deflects independently and neither increases 
nor decrcases the displacement of the conductor. Column D 
shows the amount by which the weight of the conductor would 
have to be increased in order to reduce the deflection of the in- 
sulator under the assumed conditions to within the 60-deg. limit. 

It will be seen from an inspection of the table that all sizes 
of copper except the smallest sizes listed, namely, No. 4 and 
No.3, will ballast the insulators sufficiently to keep the wind 
deflection down to within 60 deg. A line of No. 4 B. and S. 
wire, it will be noted, 1s deficient in weight to the extent of 0.041 
lb. per ft. and No. 3, 0.028 lb. per foot. 

On the other hand,all the sizes of aluminum cable listed will 
allow deflections in excess of 60 deg., and especially among the 
smaller sizes, objectionable displacements will occur. Under 
these conditions one of the chief supposed advantages of alumi- 
num, namely, its lightness, becomes its disadvantage, and the 
actual ballasting quality of copper due to its higher specific 
gravity and smaller size is a distinct advantage. 

The larger sizes of conductor are more stable mechanically 
against wind deflection, since their weight in proportion to the 
surface exposed to wind is greater than in the small sizes, the 
weight increasing as the square of the diameter, whereas the 
wind pressure is only directly proportional to the diameter. 

Fig. 1 shows a method for reducing deflection which has been 
adopted on an aluminum transmission line in the South, about 
200 miles (321.8 km.) in length, which has produced satisfactory 
results. The line is of No. 0 B. & S. aluminum cable, with 
an average span length of about 300 ft. (91.4 m.) Anauxilary 
weight made of cast iron is attached to the lower side of the sus- 
pension clamp at every insulator. It is consequently placed 
at a point where it is most effective as ballast. This arrange- 
ment results in very satisfactory stability of the line under 
all conditions. 
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Column D, Table I, shows the auxiliary weight which must 
be added at each insulator for the proper stability, expressed 
in pounds per foot of span. In the opinion of the writer, aux- 
iliary weights of this kind should be provided on all aluminum 
lines using suspension insulators and on all lines where the smaller 
sizes. of copper are installed. The auxiliarv weight not only 
stabilizes the line against wind pressure but improves its opera- 
tion in many ways, such as in resisting longitudinal movement 
of insulators under unbalanced pull due to a breakage some- 
where along the line. It also improves conditions where a 
gust of wind strikes a single span independently, in reducing 
the slack which can be taken from adjacent spans due to un- 
balanced pressure. 

А curious and unusual phenomenon has been experienced 
on at least one suspension insulator transmission line known 
to the writer, and is illustrated in Fig. 2. A severe slcet storm 
had occurred along the line during the night and all the con- 
ductors were covered with a heavy coating of sleet. When 
the sun came out in the morning the sleet started to melt, but 
it did not, naturally, fall off all spans of the conductors simul- 
taneously. The condition illustrated in Fig. 2 occurred. Sleet 
has melted and dropped off spans B, and Вз, leaving span Ba 
loaded and all other conductors in normal position, either sleet- 
covered or otherwise. Span B; will then sag down, taking slack 
from adjacent spans and will come in contact with conductor 
C», causing a short circuit. Such a combination of circum- 
stances, although unusual, might happen on any suspension 
insulator line where the conductors are disposed in the vertical 
plane, and should be guarded against. 

On long tangents on a suspension insulator line where there 
are no dead-end connections installed, if a very high wind strikes 
the line at an angle of about 45 deg. cumulative waves like the 
waves on the surface of the water have been observed to travel 
along the conductors of the line, causing a whipping action at 
all suspension insulators, the waves finally “breaking” as on 
a beach at the first dead-end connection met. This phenom- 
enon cannot occur on a pin insulator line, since the line is con- 
fined at every crossarm. This trouble can be prevented by 
dead-ending the line at frequent intervals. 

The methods of dead-ending suspension insulator lines as 
at present practised cannot be considered satisfactory. There 
is a wide margin for improvement in the design of the mechan- 
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ical fittings used for the purpose, especially in providing means 
for preventing the lateral swing of the jumper connection. 
Here, too, some form of ballast weight might be used to ad- 
vantage. 

In the experience of the writer the suspension insulator 
units which have given by far the best service over a long period 
of time are those of the simple gencral form shown in the as- 
sembly in Fig. 1. The design of these disks is entirely free 
from corrugations, flanges, petticoats, etc. While such devices 
increase the resistance of the insulator to surface leakage and 
surface arcing, the complexity of form seems to introduce in- 
ternal shrinkage stresses in the process of moulding, firing and 
cooling, which in time, due to sudden temperature change or 
mechanical shock, will develop into puncturable faults. The 
insulator of simpler form is cheaper and more can be installed 
in scries at the same cost and with the same electrical factor 
of safety as with a fewer number of disks of a more elaborate 
and expensive design. 

In general, most of the troubles which are being experienced 
in the various suspension insulator lines built to date can be 
overcome by the following precautions: 

1. Provide liberal clearance between conductors and between 
conductors and supports. This should be considerably more 
than good practise would require in a pin type insulator line. 

2. Install the lightning ground wire, if used, high above the 
conductors, so that no combination of gusts of wind can whip 
the conductor into it when suspension insulators are deflected 
to the maximum angle. 

3. Place auxiliary ballast weights at every suspension in- 
sulator where aluminum cable is used and with the smaller sizes 
of copper. 

4. Design the jumpers and fittings at the head-end connec- 
tions so that the jumpers cannot possibly become displaced 
and come into contact with the crossarm. 

5. Draw the conductor up tight throughout the line. A 
too conservative allowance of slack to guard against possible 
mechanical stresses in the conductor will cause more trouble 
than it will prevent. 

The insulating properties of suspension insulators have proved 
adequate for all line voltages so far attempted up to 150,000 
volts, and the satisfactory results have been attained within 
reasonable mechanical dimensions of insulators. The insulating 
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units shown in Fig. 1, which are about as small as any made, 
electrically or mechanically, being merely 10 in. (25.4 cm.) disks 
of plain surface, will arc over “dry” at about 80,000 volts and 
“wet” at about 50,000 volts. The arc-over voltage is well 
under the puncture voltage. Insulating units of more elaborate 
` design will withstand considerably higher voltage tests. Mechan- 
ically, such insulators will withstand tension stresses of at least 
5000 lb. (2268 kg.) 

In determining the proper number of disks to be strung in 
series it is advisable to install the number required for the 
desired factor of safety and then to add at least one disk for 
reserve against breakage. In other words, the insulator should 
have a sufficient number of disks in series so that in case one 
ог more are broken or punctured the remaining intact disks 
will afford a sufficient margin of insulation for safe operation 
until such time as the broken disks can be replaced. 

On this basis, assuming an insulation factor of safety of two, 
an 80,000-volt line would require four of the disks of Fig. 1, 
100,000 volts, five disks, and so on for higher voltages. These 
results are interesting for comparison with the probable cost, 
mechanical dimensions and strength of a pin insulator which 
might give equivalent results. 
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DISTRIBUTION OF ELECTRICAL ENERGY 
REPORT OF SUB-COMMITTEE ON DISTRIBUTION 


P. JUNKERSFELD, CHAIRMAN 


N THIS report your committee has submitted an outline 
of what it believes to be good engineering practise in 
the distribution of electrical energy for various purposes and 
under various conditions, which outline it is hoped wil 
encourage and direct further attention to this vitally important 
matter. 

The distribution of electrical energy in a given area, like the 
distribution of any raw or manufactured product, any com- 
modity or utility, depends fundamentally upon the density 
or number of points of consumption or of use within the par- 
ticular area. Other things being equal, any given method of 
distributing electrical energy should afford better results, re- 
liability and economy, in the denscr of two equal areas. 

In practise, all other conditions, as well as areas, vary widely 
because electrical energy is used for so many different purposes 
and in such rapidly increasing quantities. Electrical energy 
should be distributed in such form and at such voltage as will 
produce the best final result, all things considered, and each 
given proper weight. А full consideration of best final result 
immediately involves economic questions beyond the limits 
of this report, including the generation of electrical energy for 
practically every purpose by interconnected power houses 
under unified operation. The advantage of unified operation 
of power houses has, however, been thoroughly demonstrated 
and is quite generally recognized in this country and abroad. 
In all such cases most of the electrical energy required in a 
given area or community is usually generated in relatively 
large economical power houses and, to secure the best result 
in distribution, in such form as will best lend itself to meet the 
predominating demand in that community. | 
. Such unified operation or centralized generation of electrical 
energy has so far usually been limited to power houses, and in 
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some cases includes the transmission to substations. In a few 
cases this centralization has recently been carried a step further 
to include the substation. In one of these cases, very large 
amounts of electrical energy had been supplied by the electric 
power company to each of two competing metropolitan railway 
systems, one elevated and the other operating on the street 
surface, both serving the same territory (the north and west 
sides of Chicago) and each operating its own substations in- 
dependent of the other railway system. Supplementary con- 
tracts have recently been made under which the power company 
leased all of the substations of the elevated railway system and 
then contracted to exchange conversion service with the surface 
railway system. The power company also agreed, with neces- 
sary limitations, to build new substations where needed to de- 
liver 600-volt direct-current energy to either of the above two 
systems. 

As a result, the elevated railway system in this territory will 
be supplied very soon from 13 distributing substations in- 
stead of seven as formerly, and the surface railway system in 
this territory from 18 distributing substations instead of 10 as 
formerly. The average feeding distances are thus even at 
the start almost cut in half and make possible very large sav- 
ings in distribution. Four of the additional substations are 
owned by the power company and will be also used for distri- 
bution of electrical energy to its gencral lighting and power 
customers, thus making a further saving in distribution invest- 
ment and operating expense in that community. 

In one of the cases above mentioned, a single substation 
with 4000-kw. synchronous converters supplies 600-volt direct 
current to three different railway systems, where under former 
methods three separate small substations would have been neces- 
sary. In another, direct current at 250 volts to a thrce-wire 
Edison system and at 600 volts to surface railway systems, 
is delivered from one substation instead of two. In both cases 
the investment in high-tension cables from the power house, 
in substation land, building and equipment, was about one- 
half what it would have been if the two or three separate sub- 
stations had been built in each case. This reduction in invest- 
ment results from: (1) less reserve high-tension cable; (2) less 
land and building for one large substation than for two or three 
small ones; (3) less cost per unit of substation equipment be- 
cause of larger units; (4) less cost per unit of demand in kilo- 
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watts on one substation than on two or three, because of con- 
siderably lesser amount of spare capacity in kilowatts to give 
equally reliable service. 

The operating expense for the one large substation was prac- 
tically no more than the operating expenses for cach of the two 
or three small ones, thus reducing these expenses one-third 
and one-half, respectively, in the two substations referred to. 

In the above cases the high-tension supply to the substa- 
tions was all at 25 cycles. Almost the same possibilities for 
economy exist in many cities where the general supply is at 
60 cycles, as 60-cycle synchronous converters have now been 
developed to a point where in all except possibly the Very larg- 
est units they are comparable with 25-cycle synchronous con- 
verters. 

This tendency of utilizing as many substations as possible 
for distributing all electrical energy (of whatever form or volt-. 
age) required within the economical radius of each substation, 
must result in large savings in future. Especially is this true 
when we realize that today only about one family out of four 
in this particular territory of rapidly growing population is 
enjoying the use of electric service. The possibilities in demand 
for electrical energy in transportation and industrial work in 
this particular territory seem equally promising. 

The great importance of the subject of distribution of elec- 
trical energy is further indicated by the fact that in the average 
centralization system in a large city the fixed charges and 
operating expense of the distribution system are nearly three 
times the fixed charge and operating expense of the power 
house. This includes all equipment and conductors between 
power house switch gear and the customers, premises and refers 
to kilowatt-hours sold for general light and power, exclusive 
of bulk supply. 

All expenditures of every kind for electrical energy for every 
purpose іп any community should be viewed from the stand- 
point of such community, because that community in the end 
reaps most of the benefits, if any, and suffers most of the losses, 
if any, that result from the particular manner in which elec- 
trical energy is generated and distributed in such community. 
The advantage of centralization in generation of electrical 
energy is generally recognized, but the advantages of some 
centralization in transmission and in the substations is not so 
well understood. 
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Im addition to the centralization of electric power gener- 
ation, the centralization of distribution, at least the trans- 
mission to substations and the conversion therein, should al- 
ways receive the most careful consideration. 

The use of a single substation building for distributing elec- 
trical energy reliably and economically for general lighting 
and power, for surface railways and for elevated railway trains, 
has already been demonstrated. It is only a small step farther 
to distribute 600-volt direct current for steam railroad terminal 
operation from the same substation. If necessary, 1200-volt 
instead of 600-volt direct current could be distributed from 
the same substation and still effect a considerable saving if enough 
foresight and breadth of view is exercised by all parties interested. 

Beyond the substation it is also very desirable to have cen- 
tralization, at least to the extent of a single system for all general 
supply. The wastefulness of two different svstems of mains 
for gencral supply overlapping in the same area, is quite generally 
appreciated. Different systems have, however, been well 
standardized for different conditions as, for instance, the Edison 
three-wire system for the denser portions or business districts 
of large cities, and the alternating system for practically all 
other general supply. In addition, there are various problems 
in distribution that are peculiar to the particular purpose for 
which the electrical energy is used. 

In the following sections several of the most important prob- 
lems in the distribution of electrical energv have been treated 
by members of the Committee who have had particular ex- 
perience in these problems, which are as follows: 

Three-wire d-c. distribution, by P. Torchio. 

Alternating-current distribution, by H. B. Gear. 

The relation of consumers’ apparatus and wiring to dis- 
tribution, by H. Goodwin. 

D-c. distribution for surface lines, urban service, by R. H. Rice. 

D-c. distribution for underground and elevated railways, by 
E. J. Blair. 

D-c. distribution for interurban and steam railroads, by 
W.G. Carlton. 

A-c. distribution for interurban and steam railroads, by 
W.S. Murray. 

The relation of distribution problems and switching equip- 
ment, by E. B. Merriam. 
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This report, including the sections and references therein 
to other contributions on the distribution of electrical energy, 
is supplemented by a list of references to such contributions 
from American and foreign authors as have been put into 
book form or have not been presented before the American 
Institute of Electrical Engineers. This list of references on 
the subject of distribution, of electrical energy it is hoped wil 
supplement to some extent the recently published Index 
to the TRANsACTIONS of the American Institute of Electrical 
Engineers—1884 to 1910 inclusive. 
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APPENDIX I. THREE-WIRE D-C. DISTRIBUTION 
BY PHILIP TORCHIO 


The modern three-wire d-c. distributing systems consist 
essentially of a three-wire network of distributing mains fed 
by a multiplicity of cable feeders delivering current at different 
points of the network of mains, and a system of substations 
supplying the current to the feeders. 

With the exception of the former low-tension d-c. generating 
stations which have been replaced by the modern substations 
receiving high-tension alternating current and transforming 
it into low-tension direct current, the complete three-wire dis- 
tributing network of over 25 years ago is still giving in every 
respect its full 100 per cent service alongside of all subsequent 
additions. This is almost a unique instance of permanency 
of usefulness of electrical apparatus used by central stations. 


FEEDERS AND MAINS 


The current was formerly distributed underground by Edison 
tube feeders, but in the last 15 or 20 years the cable system 
has superseded the former tube systems. For feeders, con- 
centric cables with pressure wires are often used, they being 
either armored and laid in the ground, as is done mostly abroad, 
or being drawn into subway ducts, as in this country. In 
other cases single-conductor cables are used with pressure wires 
in the main cables or separate pressure wires outside. The 
network of mains consists of three single-conductor cables, of 
equal copper cross-section, drawn in distributing ducts in the 
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streets ncar the curb line or sometimes under the sidewalk. 
This system of mains is interconnected at each street crossing, 
thereby making a solid meshed system. Feeders, which are 
laid from the station to a number of suitable points, end at a 
junction box into which enter the feeder cable and pressure wires, 
and from which issue the main cables tying to the networkof mains 
meeting at that intersection of thestreet. The junction box may 
be installed in the manhole or just outside in the strect. The 
neutral main cables are spliced together and grounded at fre- 
quent places; in addition, there are neutral feeder cables start- 
ing from the substation and going to different points on the 
system with frequent grounds and taps to ramifications and to 
the neutral mains. The total amount of copper for ncutral 
feeders is about one-twelfth of that for positive and negative 
fceders. | 

In a large system the amount of copper for feeders and mains 
in per cent of the total is as follows: 


Feeders positive and negative.............. 58.9 per cent 
FeedersneutralS. семан» екы ts bd 4.8 = a 
Mains positive and ncgative............... 24.2 * а 
Мапе пса гаї 5а а WES 12.1 * a 


SvBWAY Dvcrs 


Fig. 1 shows an arrangement of manhole, feeder junction 
box, trunk ducts and distributing ducts with a service handhole. 
Handholes are placed at convenient places along the distribu- 
ting ducts and service connections are made to the adjoining 
buildings by tying service cables to the mains as indicated in 
the drawing. | 

These service cables are drawn in an iron or fibre pipe laid 
in the ground and ending in the basement or cellar of the build- 
ing to be supplied. 

SERVICE CONNECTIONS 

At the customer's service the supplying company places а 
disconnecting switch and protective fuses and its current reg- 
istering and metering devices. 

Fig. 2 illustrates a type of modern service connection for 
lighting and power, consisting of specially designed porcelain 
blocks, which are equipped not only with fuses and all the con- 
nections to the watt-hour meters, but also with clips, by means 
of which the testing of the watt-hour meters on the customer's 
premises can be readily accomplished by inserting a plug with 
connections to the testing apparatus, thereby avoiding inter- 
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ference with the supply of current to the customer while the 
test is being made. 

All of these appliances are enclosed under covers which are 
locked and sealed. From this point the customer derives his 
supply, three-wire for lighting and two-wire for power, which 
services are usually metered independently. 


STANDARD VOLTAGES 
The usual distributing voltages used in this country are, 
2 X 110 = 220 to 2 X 120 = 240 volts, though in a very few 
instances 2 X 220 = 440 to 2 X 240 = 480 volts are used. 
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If the multiple tungsten Jamp eventually encroaches into 
the field of the arc lamp, the advantages of first cost and greater 
radius of the higher voltage systems would assume greater 
prominence than heretofore. 


SUBSTATIONS 


In general the full double voltage is generated by the con- 
verters or the motor-generator sets at the substation and the 
neutral of the system is secured by several means, among which 
are storage batteries, balancer sets, derived neutral from trans- 
formers, and other means. 
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Fig. 3 gives a diagram of the principal elements of a sub- 
station. The leads of the positive and negative connections 
are brought to separate boards. The neutral connections are 
made not at the board, but in the basement of the substation 
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or in the cable vault. Each of the two separate positive and 
negative d-c. boards is equipped with multiple buses, and all 
the feeder switches are selected to connect to any of these several 
buses. By this arrangement according to the load requirements 
different machines can be operated on different buses at dif- 
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ferent voltages, and the shorter[feeders can be connected to. 
the low-voltage buses and the longer or more heavily loaded 
feeders to the higher voltage buses, thus securing voltage reg- 
ulation throughout the network. 

Fig. 4 illustrates the type of these selective switches used for 
converters and feeders, and the method of installation. By 
means of this edgewise system, the space occupied by the d-c. 
switches is reduced to a minimum, so that amounts of power 
as large as 30,000 kw. at 240 volts can be distributed from one 
substation. 

The references give valuable material on the modern tend- 
encies in substation design and equipment which cannot be 
treated fully in a brief review of this kind. We may mention, 
however, a few features of the latest developments which made 
possible large improvements in economy and simplicity of 
station. Among them stands foremost the development of 
the commutating-pole synchronous converter. This, in con- 
junction with graphite brushes with slotted commutators and 
self-lubricating copper graphite brushes for the collector rings, 
has made the operation of synchronous converters practically 
independent of attendance, except for the starting up and shut- 
ting down and the periodic cleaning and setting after the ma- 
chines are shut down. Other important innovations have been 
the split-pole synchronous converter and the synchronous 
booster converter for obtaining regulation. 

The manufacturers have produced units as large as 4000 kw. 
and they are now prepared to furnish still larger units if desired. 
Converters are usually six-phase and have been in many cases 
operated with double delta connection, though from recent 
tests it would appear that diametrically connected converters 
wil operate practically under the same conditions as a double 
delta connected machine, and still have the advantage of greater 
simplicity of connections between transformers and converter. 
The synchronous converters are usually started from the d-c. end. 

Air-blast transformers have been used most extensively and 
the practise of one large company is to have the blower motor 
connected directly to the secondarics of the transformers, so 
as to start it when the transformer is energized. 


STORAGE BATTERIES 


The installation of storage batteries at substations is a dis- 
tinctive feature and great progress has been made in the last 
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.few years in the adoption of the stand-by batteries, consisting 
of very thin plates, similar to those used for electric vehicles. 
These batteries can give for a short period of time large current 
discharges and often are designed to give, say for ten minutes, 
the full output of the substation in case of emergency. 

Material improvements have been made in the method of 
end cell switch controls and connections. 


CONTROL 


In very large systems great care is given to a number of such 
details, like the standard voltmeters for regulating purposes; 
the station lighting and power supply from duplicate sources; 
the telephone connections to the generating stations through 
independent lines and public telephone exchanges; and the 
emergency signals controlled from the generating station, giv- 
ing simultaneous instructions by code to all the substations 
on the system. 


APPENDIX II. ALTERNATING-CURRENT 
DISTRIBUTION 
BY H. B. GEAR 

The distribution of alternating current will be considered 
to include both bulk supply and general distribution. In the 
larger cities where the general distribution is made from sub- 
stations, the bulk supply of energy is distributed by means of 
three-phase alternating current from the source of power to 
the points of distribution where it is converted to the form re- 
quired for general purposes, for street lighting or forrailway 
purposes. "These lines are so numerous, and are so related to 
cach other through tie lines, that they constitute a magnified 
form of distributing system with problems peculiar to them- 
selves, which require consideration which might be lost sight 
of if they were classed as transmission lines. 

Bulk distribution systems will be considered without regard 
to whether the energy is used for alternating-current distri- 
bution, direct-current distribution, or clectric railway work 
after its conversion. 


Burk DISTRIBUTION 
These systems are quite universally operated on the three- 
phase system at 25 or 60 cycles and at 6600 to 20,000 volts. 
The lower voltage is used where the radius does not exceed six 
miles (9.6 km.) and averages much less. In some systems the 
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longer lines have been raised to 20,000 volts or more, to handle 
the supply to suburban districts more flexibly. In the vicinity 
of Berlin there is an extensive 30,000-volt cable system serving 
the outlying parts of the city and suburbs. The German and 
English cable manufacturers have apparcntly been very success- 
fulin the production of cable for voltages above 20,000 volts, and 
such transmission lines are placed underground much more 
generally in Europe than in Amcrica. 

The choice of frequency is fixed by the relative proportion 
of energy converted to direct current through synchronous 
converters. Where the direct-current load greatly predom- 
inates, 25 cycles is used and frequency changer sets furnish the 
alternating-current supply at 60 cycles. Where the alternat- 
ing-current distribution predominates the power supply is often 
generated at 60 cycles. In several cases both 25 and 60-cycle 
generating systems are maintained; reserve capacity for each 
being secured through frequency changers. 

Bulk supply systems have been developed in America chiefly 
on the principle of radial lines. A radial system is built up 
by the use of direct lines from power statioh to substation, 
one such line usually being sufficient to carry the load when 
the substation is established. The reserve source of supply, 
which is imperative, is usually secured by a tie line from another 
substation; or, in case of a small substation, by tapping another 
direct line at a convenient point. "These conditions are illus- 
trated in Fig. 5, which shows methods of supplying three sub- 
stations of moderate size. [п the three cases here shown it is 
assumed that the direct lines have a capacity of about 3000 
kilowatts. 

In cases A and B the failure of either direct line is provided 
for through the reserve tie lines. In case B a tap connection 
to one of the direct lines 1s used to save unwarranted cable in- 
vestment. Either of the direct lines carries the entire load in 
conjunction with the tie lines in case of the failure of the other. 

Case C shows the development of case A after the combined 
load of the three substations excceds the capacity of a single line. 

The ring system of case A may be used to take in any number 
of industrial power consumers up to the capacity of the cable; 
the substations in this case being on or very near the customer's 
premises. 

The transmission system of one of the large companies in 
America has been developed on the principle of duplicate lines 
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arranged with substations in tandem. The converting units 
in each substation are divided into two sections so that an inter- 
ruption on either line interferes with only one-half of the capac- 
ity in operation. These lines are protected by overload cir- 
cuit breakers actuated by definite time-limit relavs, so set that 
they will operate in tandem; that 15, only that part of the service 
is interrupted which 1s beyond the fault in the cable. 

As the loads increase and require more lines, the importance 


1000 K, w. 


DIRECT LINES 
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DIRECT LINES 


= m m — = TIE LINES 


Fic. 5 


of having a diversity of routes to guard against the failure of 
two or more cables to the same substation becomes apparent. 
This condition is illustrated in Fig. 6. The congestion near 
the power station must be guarded against by limiting the size 
of duct runs and providing several separate conduit routes. 

As substation loads increase, the percentage of reserve in- 
vestment becomes smaller, as one reserve line is sufficient for 
the three substations. Thus the reserve investment is about 
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one-eighth of the total in Fig. 


cent in Fig. 5. 


6, whercas it is about forty per 


It 1s usual to provide a transfer bus at substations so that 


——— iE LINES 
DIRECT LINES 


Fic. 6 


any line can be connected to 
either tie line or to any con- 
verter. 

A large proportion of the lines 
making up bulk supply systems 
in large cities is placed under- 
ground in lead-sheathed three- 
conductor cables drawn into 
ducts. The most economical use 
of capital is made when such 
cables are as large as can be 
properly handled. The kilowatt 
capacity of a high-tension cable 
at a given voltage increases 
more rapidly with increasing 
sizes of copper, than the cost of 
the cable. The most econom- 
ical cost per kilowatt, therefore, 
requires the use of as large a 
cable as it 1s practicable to draw 


into a standard 31-in. (8.9 cm.) duct. 

The following table gives the maximum sizes of three-core 
cable which are installed at the present time and their approxi- 
mate continuous capacity at various voltages: 


Volts Size of 
each core 

6,600 350,000 

9,000 350,000 

13,200 250,000 

20,000 150,000 


x Amperes | Kv-a. | 
TEENS І 
| | 

200 | 3,200 | 
290 | 4,900 
220 | 5.000 


145 | 5,000 


The current values are taken for average conditions. They 
are somewhat high for situations where the facilities for heat 
radiation are poor, or where there is a considerable number of 
other cables liberating heat in the same duct line. These 
amounts of power could also be exceeded for a few hours during 
a peak load, without risk of injury. 

Previous to the last two or three years it was not always 
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satisfactorv to operate high-tension lines in parallel at the sub- 
station end, since a fault in either of the cables supplying a 
substation is likely to open the circuit breakers of cables not 
affected, thus shutting off the entire supply. "This was due to 
the absence of reliable reverse-power relays which would per- 
mit the most satisfactory parallel operation. 

Prior to the development of the commutating pole converter, 
the largest unit which was considered advisable had a capacity 
of 2000 kw. "These machines were designed to carry 2500 to 
3000 kw., however, for about two hours. It therefore became 
common practise to have a line for each 2000-kw. converter or 
for two machines where 1000-kw. units were installed. Thus 
the average load per cable was about 2000 kw. under normal 
operating conditions, and as the cables used had a capacity of 
3000 to 4500 kw., there has been an accumulation of surplus 
cable capacity amounting to from 50 to 80 per cent of the maxi- 
mum substation load. This is particularly true of substations 
having loads above 4000 kw. The situation is such that there 
is, at thc present time in Greater New York and Chicago, not 
far from $1,000,000 worth of surplus cable investment which 
could have been saved if means for parallel operation of cables 
and larger converting units had been available prior to 1910. 

The introduction of converting units of 3000- to 4000-kw. 
capacity for direct-current work and three-phase transformers 
of almost any desired capacity for alternating-current distribu- 
tion has done much to improve this condition in recent years. 
These units permit the use of cables at a point near their full 
safe carrying capacity and make possible large savings in future 
cable investment. 

Another source of relicf has appeared in the development of 
protective relays designed to permit lines to be operated in 
parallel. The Merz-Price system has had large and successful 
application in the north of England in a field where its value 
is grcatest; that of the distribution of industrial power in blocks 
of 200 to 1000 kilowatts by means of a high-tension network. 
This svstem unfortunately involves the use of pilot wires which, 
not being included in existing cable systems, makes its intro- 
duction more expensive and difficult than a svstem of reverse- 
power relays. (An interesting modification of the Merz-Price 
system, in which so-called “split conductors" render unneces- 
sary the use of pilot wires, has been developed in England; 
but so recently that little definite experience is available.) How- 
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ever, 1t is probably the most reliable means at present known 
of guarding against interruption of service by cable faults. 

Modified forms of reverse-power relays have been developed 
within the past two years, some of which are under trial at the 
present time. The performance and further development of 
these devices will be watched with the most sympathetic in- 
terest by all who are interested in getting high-tension cable 
investments down to a basis of economy comparable with other 
reductions made in plant costs in recent years. 


ALTERNATING-CURRENT SUBSTATIONS 


The alternating-current substation, in its simplest form, 
consists of a set of transformers with a minimum of switching 
equipment and auxiliaries mounted outdoors. After the load 
has grown so that two or more distributing feeders are necessary, 
circuit breakers, potential regulators and instruments must be 
added if first-class service is required. These require a build- 
ing, the character of which is dependent upon the location and 
relative importance of the substation. 

In substations of 1000 kw. or less it is usual to find oil-cooled 
single-phase transformers. With larger sizes, air- or water- 
cooled units are more economical. In three-phase systems 
three-phase units are often employed in sizes of about 750 kw. 
and upward. In two-phase systems which are operated in 
connection with three-phase transmission lines single-phase 
transformers. are selected for the Scott connection. 

When the power supply is generated at 25 cycles the fre- 
quency-changing motor-generator becomes а factor. This 
usually involves synchronous motors and introduces exciters, 
starting compensator and necessary accessories in the way of 
switchboard equipment. Motors of frequency changers are 
usually wound for the transmission voltage to save transformer 
investment where the transmission voltage is not above 15,000. - 
Induction motors are used in some cases to secure greater sta- 
bility at times of system disturbance. 

The induction type regulator has largely superseded the trans- 
former type. The superior results secured from automatically 
controlled regulators in the regulation of pressure has made 
them standard for important lighting service. The details of 
line drop compensators, contact-making voltmeters, and motor 
control have undergone a steady evolution in the right direction 
in recent years. The adjustment of springs and condition of 
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contacts, however, still require periodical inspection and check- 
ing of pressure at feeder ends. In Chicago it is found necessary 
with some 200 scts of equipment to check cach of them at least 
once in three ‘months by the installation of recording volt- 
meters for a few davs at the feeder end. 

The improvements in transformer design, by which weights 
and costs per kilowatt of capacity have been reduced, and the 
increasing requirements of good service, have made some strik- 
ing changes in the cost of transformer substations. The trans- 
formers, which one ordinarily thinks of as the chief item, con- 
stitute less than one-third of the cost of a modern 5000-kw. 
substation, housed in a fireproof building and equipped with 
the required quota of oil switches, automatic regulators, du- 
plicate buses, instrument and control panels, etc. The automatic 
regulators, feeder switches and distributing buses make up 
about half the total cost. A large part of the facilities of a 
modern substation is necessary for the safety of operating and 
construction men whose duties must be performed without 
accident to themselves or to the service and equipment. 


GENERAL DISTRIBUTION 


The distribution of alternating current for general commercial 
purposes is accomplished in America almost universally by 
2200-volt mains supplying step-down transformers located 
near groups of consumers whose premises are served by second- 
ary mains at 110-220 volts. There are a few installations of 
low-tension alternating-current fecders on the Edison system 
at 110-220 volts in business districts, and some installations 
of 220-440-volt mains have been made where it was desired to 
avoid primary lines. 

Lighting is quite generally served single phase; while power 
service is given from two-phase or three-phase mains. Two- 
phase systems are in use chiefly where this method of distribu- 
tion was established in the early period of development and 1s 
too extensive to warrant changing to the three-phase system. 
Three-phase systems are standard for all new installations 
where polyphase supply is desired for general power service. . 

Single-phase distribution is cheapest for lighting and small 
power mains at the load densities usually found outside of busi- 
ness districts, as the smallest size wire which should be used 
for mechanical strength is ample for ordinary loads. Three- 
phase, three-wire primary distribution is preferable in cities 
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where substation loads do not exceed 1000 to 2000 kw., but 
four-wire distribution is most economical for larger loads and 
the greater distances which usually ро with them in the large 
sizes. The four-wire system— being a 2300-4000-volt system— 
permits the supply of larger powcr users at outlving points 
more economically than by three-wire, 2300-volt svstems. 

The ability to regulate pressure independently on the dif- 
ferent phases with greatly unbalanced loads makes possible the 
use of single-phase lighting distribution without sacrificing the 
advantage of three-phase transmission on the feeder. 

The supply of power service in manufacturing districts is 
sometimes accomplished by the use of separate power feeders, 
the lighting being carried on other circuits. In other cases the 
light and power are combined. The use of separate power cir- 
cuits tends to produce a duplicate distributing system and re- 
quires increased feeder capacity on account of the lower power 
factor, while with combined service the lighting tends to keep 
the power factor up. The diversity of demand between power 
and lighting loads also makes possible a considerable saving in 
feeder capacity where the lighting load in a given district is 
of the same order of magnitude as the power load. 

Thus the policy of a combined feeder system is preferable 
from the standpoint of both feeder and main investment, in 
most cases. 

With modern pressure regulating apparatus there are not 
many situations where the lighting service cannot be made 
what it should be, when powcr is served from the lighting system. 

The primary main system cannot be interconnected as the 
mains in a low-tension system, because it is impracticable to 
provide fuse protection in such a way that it will isolate a sec- 
tion of main which is in trouble without simultancously blowing 
other fuses through which the energy is supplied. Thus the 
primary system loses the advantage of parallel feeding, and 
requires that the feeder end be located as nearly as possible to 
the electrical center of the district which it serves. The ar- 
rangement which gives the best distribution of pressure thus 
naturally takes the form of a center of distribution with radial 
mains. These centers of distribution should be chosen so that 
the drop on the primary main will average about 2 per cent 
from feeder end to transformers. This limit is not always com- 
mercially feasible in the case of lines to outlying districts where 
the load is not yet large enough to justify the cost of extending 
a feeder. 
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The usual form taken by a single-phase circuit laid out in 
this manner is shown in Fig. 7. 

In cases where a feeder follows a main thoroughfare along 
which most of the load is located, and the side branches are 
short, the tree system sometimes is used. This tends to give 
high pressure at the near end and low pressure at the far end 
but saves the cost of a “back feed" main. 

In three-phase, four-wire systems a modified form of the 
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center of distribution plan may be used, as shown in Fig. 8. 
The center of distribution of each phase is located with refer- 
ence to the clectrical center of the single-phase load carried by 
that phase. Since each phase can be regulated for pressure 
separately this gives a good distribution in scattered districts, 
and permits feeders to be loaded more heavily than is possible 
when the load 1s distributed from a single center. In the denser 
business districts it is possible to pick up enough load for a 
fecder within a small radius, and a single center is adequate. 
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The separated centers of distribution can be used in two-phase 
systems but do not work out well for thrce-wire, three-phase 
circuits, since the line drop compensators cannot be set to take 
care of drop in the single-phase branch after it leaves the other 
phases. 

EMERGENCY SWITCHING POINTS 


Where portions of the primary system are underground and 
where mains of adjacent feeders come together it is important 
that suitable facilities be provided by which the mains of the 
two circuits may be joined together in emergencies. Cable 
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MAIN 
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repairs require a considcrable time and if service is to be resumed 
promptly such emergency connections must be provided in 
sufficient number to permit the minimum interruption of ser- 
vice. Emergency switching points are also necessary as a 
means of putting sections of cable out of service while new cable 
taps are being cut in. The safety of linemen and continuity 
of service largely depend upon the facility with which sections 
of the primary main system may be controlled. Outdoor types 
of oil switches are used to some extent on important branches. 
The disconnecting type of porcelain pothead is found well adapted 
to this work, particularly atYcable poles. 


` 
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An arrangement of two adjacent feeders with mixed under- 
ground and overhead lines provided with facilities for emergency 
switching appears in Fig. 7. In case of the failure of any sec- 
tion of cable main-service may be resumed as soon as a repair 
man can open the potheads on the cable poles connected to 
that main, and close the emergency connection separating the 
overhead branches from the adjoining circuit. 


SECONDARY MAIN SYSTEMS 


The arrangement of secondary mains depends largely upon 
the density of the load. In outlying districts where the load 
runs from one to ten kilowatts in each block the size of secondary 
wires is comparatively small and the distances between trans- 
formers are such that the interconnection of adjacent secondary 
Mains is not commonly considered desirable. The geographical 
arrangement of such mains tends to follow principal streets 
with few important mains intersecting. The failure of a trans- 
former fuse under these conditions throws an overload on the 
adjacent transformers and the entire interconnected main is 
likely to be put out of service. 

In the denser parts of a city where business buildings are 
served, a cross-connected network may be developed. This 1s 
less likely to cause trouble as the load of any transformer in 
trouble is usually divided between more than two transformers, 
and the danger of blowing other transformer fuses is lessened. 

The secondary system may be protected against trouble 
originating in the transformer by the use of “nctwork pro- 
tectors." In New York City it is customary to operate the larger 
transformer sccondaries in parallel, using such a device quite 
generally. The “network protector" consists of a small trans- 
former having the same ratio as the main transformer. The 
primary and secondary leads of the main transformer are carried 
through the protector in series. In case of a defect in the trans- 
former the fuses of the protector quickly open the connections 
to the network and thus prevent the current from blowing the 
fuses of other transformers. 

The interconnection of secondary mains has the advan- 
tage of permitting the use of spare capacity, where available, 
to. take overloads on adjacent transformers. The diversity 
factor between different groups of customers may thus be util- 
ized to make a reduction of transformer investment in some 
cases. 
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Motors cannot usually be served from lighting secondaries 
(except in the smaller sizes) without interfering with lighting 
service, on account of the fluctuations of pressure caused by 
starting currents. Where the requirements of lighting service 
are high it is therefore necessary to install separate transformers 
for power customers having motors of five h.p. and upward. 
In scattered residence districts it is often necessary to put motors 
of one h.p. and larger on separate transformers. 

In alternating-current distribution in congested business 
districts where a network may be developed underground with 
loads of 75 kw. and upward in cach block, it is very desirable 
to be able to serve light and power from one system except, 
perhaps, for users requiring about 26 h.p. and upward. The 
problem has been met in several instances by retaining the 500- 
volt direct-current distribution and establishing a three-wire 
Edison alternating-current network for the lighting and mis- 
cellaneous small power in the congested business portion of 
_ the city. 

The secondary network of mains may be supported by trans- 
formers in vaults with primary feeders or by low-tension feeders 
from a centrally located substation. The primary feeder supply 
is the more usual as it follows the natural course of development. 

As the load density increases the difficulties of getting ven- 
tilation and adequate space for the vaults multiply. Тһе in- 
stallation of a substation, centrally located, with alternating- 
current, low-tension feeders at the proper points, finally becomes 
the most economical and practical plan. About enough is 
saved in the cost of the vaults and transformers to offset the 
extra cost of feeders. 

Where there is no direct-current power system provision 
must be made for alternating-current power service. In smaller 
cities this is provided for by separate transformers for the 
elevator service and for the larger gencral power. This per- 
mits the lighting to be served by single-phase, three-wire second- 
ary mains. 

In cities where lines are underground in the business dis- 
trict it is very desirable to be able to serve all customers from 
one set of mains as far as possible. This may be done by the 
use of four-wire, three-phase, 115-200-volt secondary mains 
supported by transformers and primary mains, or by low- 
tension feeders. 

The proper distribution of lighting load between phases must 
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be maintained in order to avoid the effects of unbalance. The 
odd voltages of this system are a bar to its adoption if any con- 
siderable number of 220-volt motors are already in service, or 
if the lamps are rated lower than 110 to 112 volts. 

When the load riscs above 150 kw. per block, the problems 
of carrying large volumes of alternating current in lead-sheathed 
cables multiply, and a condition is reached where direct-current 
distribution seems to be a practical necessity from the cable 
standpoint, and the importance of the service requires the pro- 
tection of the storage battery. 

TRANSFORMER SELECTION 

The determination of probable maximum demands of a user 
or group of users is of much importance in the selection of trans- 
former sizes. Information based on experience and analysis 
of demands of different classes of users is necessary to avoid 
excessive investment in line transformers, as well as unneces- 
sarily large core losses. 


The systematic checking of transformer loads by the use of - 


a suitable demand instrument is an important factor in kecp- 
ing transformer investment within proper limits. This practise 
is followed bv the larger central station companies quite gen- 
erally. The practise of making contracts with large users on 
the basis of a demand measured by recording types of demand 
meters is of great assistance, as the maxima may be kept track 
of from month to month through the year and added load dis- 
covered as soon as it materially affects the demand. 

The diversity factor between a group of consumers 1s so great 
in some cases that the demand of the group is very different 
from the demand of the individual users composing the group. 
The diversity factor is greater for residence consumers and sim- 
ilar classes whose use varies with their habits of living, than 
for commercial users whose requirements are fixed by more 
uniform conditions and whose demands individually are a larger 
proportion of their connected installation. 

The following table represents average experience in the de- 
termination. of demands of individual consumers and groups 
of consumers: 
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TABLE OF MAXIMUM DEMAND FACTORS 


Lighting Service 


Classes o£ Users Single Group 
Houses and Apartments............... 55 per cent. 20 per cent. 
OMCs. у. уды ит EE O T2 * s 60 “ “ 
Small Stores........................ 75 “ ü 60 “ “ 
НО, асатындығы сала ua aS 35 “ s M: 
Churches............................ 50 * 5 
Hospitals............................ eo * ы 
Manufacturing....................... 70 * € 


. Power Service 
Less than 5 Һ.р...................... 86 


а & 70 & = 
6to10 һр.......................... 66 * € 6 % 
11 to 20 h.p......................... 65 “ Е 63 “ «l 
Over 20 їо 50 h.p.................... 53 “ ш 45 * а 


The demand is given in this table as a percentage of the con- 
nected load. 

The construction of alternating-current distributing lines 
for general service is very largely overhead. The use of under- 
ground work is necessarily limited to districts where the load 
density is such as to warrant the increased expense. In general, 
underground construction costs from three to five times as much 
as overhead work, where the load density is such as to require 
a 2200-volt main system. 

Feeders and primary mains are somctimes placed under- 
ground on main thoroughfares, leaving the transformer second- 
aries and services overhead. This eliminates much of the risk 
incident to heavily loaded pole lines and avoids putting the more 
expensive part of the distribution underground. - 

The cost of distribution systems is materially increased by 
the necessity of doing the work piecemeal. The plant invest- 
ment must be made with relation to the income which 1s likely 
to be derived within the period immediately following construc- 
tion. The lines are therefore extended a block or two at a time, 
as the city grows, and the demand for service increases. The 
feeder system must be reinforced as may be necessary from 
time to time, to carry the added load. This involves re-arrange- 
ment of connections of primary mains and many complicated 
“cut-overs” which add to the expense very materially. 
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APPENDIX III. EFFECT OF CONSUMERS' APPARATUS 
AND WIRING ON DISTRIBUTION 


BY H. GOODWIN 


It is a comparatively simple matter to lay out a system of 
wiring a building, distribution lines and station apparatus 
which will give perfect scrvice for any given combination of 
loads, but the duties of a distribution engineer are to make the 
best use of the lines available for supplying any proposed load 
without involving such cost as to make the proposition pro- 
hibitive from a commercial standpoint or without putting the 
consumer to such great expense for interior wiring as to make 
the service undesirable from his point of view. 

When public electric service was first started it was for light- 
ing purposes only. The service was generally only half night 
service; interruptions were frequent and voltage regulation 
was comparatively poor. 

Conditions have changed and continuous good service has 
become in many cases a necessity. 


Motor SERVICE 


The usc of current for lighting was soon followed by the use 
of current for motors. These motors were at first small, and 
on account of the general irregularity of service no great trouble 
was caused by them. The power business has since become 
very important. 'The multitude of uses for small motors has 
also contributed very largely to obtaining many consumers 
for lighting. Since the introduction of electric current for power 
and lighting have gone hand in hand, it is natural that often 
a single service has been run for supplying both the light and 
the power and the consumers' wiring has been simplified as much 
as possible by the combination of lighting and power loads with- 
out regard to interference with service to one by the other. 

Since motors cannot be started without a greater demand 
from the lines than is necessary to run them after starting, 
various well known devices have been introduced to minimize 
the starting current. | 

Many electric power companies employ polyphase genera- 
tion and both polyphase and single-phase distribution, the 
latter for liphting and small motors. In such cases it is neces- 
sary (in fairness to motor users as a whole and to the company) 
to have some fixed rule as to size of motor above which no single- 
phase service will be rendered and below which no polyphase 
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service will be rendered. This size varies from 1 h.p. to 7.5 h.p. 
with different companies, depending upon local conditions. 

The polyphase motor means a lower initial and a lower main- 
tenance cost for the user; and for the power company it means 
lower and better balanced starting currents and less interference 
with lighting service of other customers, but on the other hand 
polyphase motors mean greater line and transformer expense 
(except in large sizes) and greater metering expense. Such a 
rule as to maximum size of single phase and minimum size of 
polyphase when once established in a community should be 
strictly adhered to in order to save money both for the company 
and for the small polyphase motor user when he moves from 
one street to another. 

In order to cut down the starting current the general practise 
is to require auto starters on single-phase motors from two h.p. 
up and on polyphase motors of five h.p. and up. 

Many central stations are apparently satisfied to accept an 
installation with an automatic starter while others require 
that the starting device shall limit the current to a certain num- 
ber of times the running current. Elevator and hoist motors 
are sometimes allowed a higher starting current than motors 
for general factory uses. 

Recently automatic self-contained starting devices for motors 
have been marketed and have several obvious advantages and 
prevent unnecessary blowing of fuses. 

The objections are that there is no adjustment by which the 
starting current can be reduced for classes of service where the 
starting torque may not be as hcavy as the average and for 
which the motor must be designed in order that it may bc adapt- 
able to all purposes. 

The general requirements for elevator motors are that they 
must be of the wound-rotor type. The device for cutting out 
the resistance is often mechanical and independent of the cur- 
rent drawn from the line instead of being directly dependent 
upon this current. It is very generally of a dash pot type which 
in use wears and works more and more easily, so that the motor 
is ultimately thrown across the line before it has reached specd 
at all. 

In order properly to limit the starting current of an clevator 
motor cutting out the rotor resistance should be controlled 
bv a device dependent upon the reduction of the current in the 
feed wires. 
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SUMMARY OF MoTOR SITUATION 


In this motor situation it might appear that the manufacturer's 
point of view is diametrically opposed to that of the central 
station. The manufacturer can sell more motors if they can 
be made cheaper, but all the devices which the central station 
desires to protect its lines from occasional excessive currents 
cost much more. However, a broad view would indicate that 
the electrical art and industry will develop most rapidly and 
permanently by assisting in keeping as low as reasonably pos- 
sible the rates for electricity, which cannot be done if central 
stations are put to excessive expense on account of the poor 
characteristics of the apparatus used by consumers. 


MISCELLANEOUS APPARATUS 


The question of allowing miscellaneous apparatus other than 
motors on lighting service still seems to be open and governed 
largely by local conditions. Rectifiers, cooking stoves, medical 
apparatus and the like are usually allowed on the lighting sys- 
tem except where their use makes trouble. Wireless apparatus 
is generally classed as the most undesirable on account of the 
high frequency going back over the lines and burning out 
meters. It is generally required that this apparatus be sup- 
plied from a separate transformer. 

Various electric welding and riveting machines are in use. 
Where the primary lines have a capacity of above 100 kw. these 
welders or riveters when used singly do not seem to cause much 
disturbance. 

CONSUMERS’ SERVICE WIRING | 

The effect of having to provide for the excessive current 
required for starting motors is that the consumer must wire 
for all apparatus other than lighting and above š h.p. an in- 
dependent service. 

The voltage of motors 15 also specified at 220 volts in order 
to minimize the starting current. Best practise now demands 
three-wire 110-220-volt distribution for single-phase service 
and it would also seem to require that all motors of one h.p. 
and above be made 220 volts. 

The rulings in these matters are more positive for overhead 
a-c. distribution than for underground, on account of the large 
expense which would be necessary to introduce additional 
underground service. Best practise requires the load balanced 
on the three-wire service for loads above 24 lamps, although 
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some companies will not run the three-wire service for loads 
below 40 lamps. The wiring for theaters and moviny picture 
houses is subject to different rules in different cities. Emer- 
gency service is usually required in some form. , 


- 


EMERGENCY SERVICE 


The necessity for emergency supply for industrial service is 
a matter on which there is much diversity of opinion. In 
general, some emergency supply is justified when the load factor 
and demand are large enough to bring the investment and 
operating costs below the average. Unusual restrictions are 
placed upon services for fire pumps by the underwriters, based 
apparently upon an assumption that electric service is not de- 
pendable in an emergency. Continuity of service is now so 
well established that it would scem to be time for a readjust- 
ment of these rules. 


UNDERGROUND SERVICE 


The policy of introduction of underground service from 
underground lines by the central station company seems to 
be uniform. There, however, is still a divergence of opinion 
on the question of introduction of underground service from 
overhead lines. Some companies require lead-covered cable 
while others are satisfied with rubber-covered wire. However, 
the best practise would seem to be that the service be installed 
by the company. The expense must be borne by either party 
according to circumstances. 


RELATION OF CONSUMERS’ APPARATUS TO CHARGES FOR 
SERVICE | 

It is proposed to consider the effect of consumers’ apparatus 
on the charges for service. Rates are often based upon a charge 
for kilowatt-hours with a minimum charge and discounts for 
greater use. This minimum is usually based on the rated 
horse power connected to the service ог on demand measure- 
ment. š 
The use of the Wright demand meter makes it an advantage 
to the consumer to have apparatus of high power factor, since 
the meter registers maximum amperes. 

There is on the market a motor which vives unitv power 
factor and thereby improves the general power factor of the 
system. Where such a motor is available arrangements could 
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be made which would cither reward the consumer for buying 
apparatus of good power factor or penalize him for buying ap- 
paratus of poor power factor. 

It would seem to be wcll if some system could be worked out 
for basing the minimum charge on the starting current of a 
motor instead of on the horse power rating. 

If a system of charges could be instituted which would реп- 
alize the motor with heavy starting current or exempt in some 
degree the motor with small starting current it would appear 
to be a great advantage to both the central station and the 
customer. 


APPENDIX IV. DIRECT-CURRENT DISTRIBUTION 
FOR SURFACE RAILWAYS—URBAN SERVICE 


BY R. H. RICE 


Electric railways very frequently have energy furnished to 
them over high-tension alternating-current transmission lines, 
and in this section of the report the substations are included 
in the distribution system. The component parts of the dis- 
tribution system for urban strcet railway service are then: 

1. The converting equipment in the substation; 

2. The positive system from the substation switchboard to 
the car, including feeders and trolley wires; 

3. The negative system, or returns, which complete the elec- 
tric circuit from the car to the substation negative bus and 
include the electrical features of the track. 

The usual city street railway system is characterized by hav- 
ing rather short feeding distances, large and rapidly fluctuating 
loads, and a wide variation in energy requirements at different 
hours of the day. Public demand is increasingly insistent 
upon quick and adequate service, bctter light and more heat, 
and this requires a greater amount of energy to be cared for in 
the distribution system, and grcater reliability in its operation. 


SUBSTATION EQUIPMENT 


Substation equipment has become ‘quite standardized and 
various installations differ chiefly in arrangement and in minor 
details. The equipment in a modern substation is housed in 
a well-lighted and ventilated building constructed for this pur- 
pose. It should be so arranged as to leave ample space for mak- 
ing repairs, and for installing or removing parts as may be neces- 
sarv. A traveling crane is usually provided to facilitate such 
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changes, but is now frequently omitted as the standard modern 
machinery is so reliable that it is rarely necessary to make re- 
placements of parts requiring the use of a crane. Not only is 
there a saving in the investment for a crane but the building 
may be made lower and the side walls somewhat lighter, thus 
making an additional saving. Frequently no heating plant is 
installed as the waste heat energy from the machines is sufficient 
to give a comfortable working temperature. 

The supply of energy to a substation is almost universally 
from three-phase high-tension lines, and for railways is of 25 
cycles. For city service such high-tension lines should be, and 
usually are, underground to ensure more reliable service and 
to prevent danger to the public by exposure to high voltage. 
Conversion to direct current in the substations is by the univer- 
sally accepted machine, the synchronous converter. It is de- 
sirable to have a separate high-tension line to serve cach con- 
verter when the machines are of large capacity, and used in 
important city service. Switching arrangements are made to 
use any converter with any incoming line, so while the normal 
operation on the alternating-current side is by independent 
units of high-tension line, transformers, converters and other 
apparatus, emergency connections may be made as desired to 
interconnect the units. On the direct-current side the convert- 
ers are operated in paralled, being connected to common pos- 
itive and negative buses. 

The synchronous converters used for railway purposes are 
600- volt direct-current, compound-wound, and the later machines 
have commutating poles. Just a few years ago a 2000-kw. 
unit was the limit in size, but 4000-kw. machines are now in 
service. The cost of these large machines is less per kilowatt 
and they occupy but httle more space in the substation, mak- 
ing the area per kilowatt much less than formerly. It is pos- 
sible to place a 4000-kw. machine on the same foundations 
formerly occupied by a 2000-kw. unit. Care in design has 
made this improvement possible, and the later machines con- 
tain numerous refinements in design which in the aggregate 
improve this class of machine very materially. В 

Switching is performed by motor- or solenoid-operated oil 
switches controlled from the main switchboard, and energized 
from a low-potential storage battery circuit. This battery 
circuit also provides current for the switchboard and station 
emergency lights. 
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An effort is made to keep the power factor of each station 
unit as near 100 per cent as possible. The rotary shunt field 
and the rcactance are so adjusted that with a given high-tension 
line voltage and direct-current voltage the converters will 
operate with 100 per cent power factor when fully loaded. If 
the converters are operated under overload conditions there 
will then be a leading power factor, and if operated under less 
than full load there will be a lagging power factor. Most rail- 
way substations can operate very near to 100 per cent, and this 
is usually desirable when energy is purchased from a central 
station company. In some cases a penalty is attached, in the 
way of increased power cost, when the power factor deviates 
from 100 per cent.* 


THE Ровітіуе FEEDER SYSTEM 


There is not much variation in practise among companies in 
positive feeder distribution. In general the trolley line is sec- 
tionalized by line breakers or section insulators, placed as 
desired, and each section is fed from a separate feeder panel in 
the substation. This feeder is very often composed of several 
cables running by different routes and tapping in at different 
points to a distributing cable running along the street, from 
which feed taps arc made to the trollev wire. The above 
"radial" system of distribution is not so economical of copper 
as a “network” system in which all of the trolley wires form a 
continuous network and the feeders furnish energy to sclected 
points of the network., As the load shifts from point to point 
all of the trolley wires and distributing cables act as equalizers 
and feed current to the point needed. It is difficult to locate 
trouble in an extensive network of this kind and also difficult 
to 1solate the portion in which the trouble occurs, so that this 
method is not in common use. Some effort has been made to 
utilize the advantages of a network with the radial system by 
joining adjacent trolley sections through fuses or circuit breakers. 
Such a method has not been found satisfactory because it was 
impossible to adjust the connection so that it would distin- 
guish between a heavy transfer of current from onc section to 
another duc to shift of load, which it should allow, and a hcavy 
flow of current into a section due to short circuit, which it was 
not intended to permit. As a result these section connections 


*See “ Power Factor Control by Rotary Converters," Nicholas Stahl, 
Electric Journal, December, 1913. 
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usually became so unreliable that they could not be depended 
upon and were abandoned. А common practise at present is 
to provide knife switches, mounted in a pole box, which are 
normally open, but which may be closed on each end of a sec- 
tion if for any reason the feeders to this section become disabled. 
Such a plan provides a quickly operative and convenient device 
for ensuring continuity of service, as it is quite unlikely that 
the two sections adjacent to a disabled section would also be 
out of service. 

The feeders may be underground or overhead. In the 
largest cities, and in many of the smaller ones, the municipal- 
ities require underground distribution at least in the central 
business district. The underground cables are installed in tile 
ducts and at frequent intervals lateral connections are made 
between these cables and the trolley wire overhead. A typical 
lateral connection consists of a tile duct, or fibre-lined iron pipe, 
running from a manhole to an adjacent trolley pole, and con- 
necting with a vertical fibre-lined pipe clamped to the pole. 
This vertical pipe should be at least 10 ft. (3.04 m.) high, and 
just above its upper end a switch box and lightning arrester 
are attached to the pole by means of brackets. The lateral 
underground cable is run from the manhole to and up the pole 
and connected to the switch. Between the top of the pipe 
and the switch the cable should be stripped of its lead sheath, 
taped and painted with an insulating paint, and the top of the 
pipe should be capped with a split wood plug which is cored to 
fit the size of the cable used in the lateral. This should be 
done to keep snow and rain out of the pipe. 

The lightning arrester is attached to the riser from the switch- 
box and the ground wire passes down through the pipe to a 
ground rod in the floor of the manhole, or is attached to the rail. 
The mode of grounding the lightning arrester is a disputed 
point to some extent, but undoubtedly a good connection to 
moist earth is preferable to grounding to the rail. Running 
the ground wire through the lateral pipe may also cause some 
trouble, but this is frequently done, as no better method is usu- 
ally available. 

These laterals, although a relatively small part of the dis- 
tribution system, may, if they are improperly insulated or in- 
stalled, become the weak links which determine the strength 
of the whole distribution system. All cables should be rubber- 
insulated, the clamps holding the weatherproof riser to the pole 
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should have an insulating band between them and the pole, 
and the cable should be held in the clamp by a split insulator. 
This gives three insulations between the conductor and the pole 
and will practically prevent “hot poles." 

When the feeders are overhead the connection to the feed 
span is very simple, using either a jumper or making the span 
up with a tail. In this case lightning arresters are spaced along 
the line as local conditions demand, probably about five or six 
to the mile on an average. 

The most commonly used trolley line construction is the stand- 
ard span supported on tubular two- or three-section steel poles 
set at the curb line. The span wire almost universally used 
has been galvanized stecl, but silicon bronze strand or copper- 
covered steel wire is now meeting with considerable favor. It- 
has been found that steel strand frequently has very short life, 
especially in some manufacturing localities where atmospheric 
corrosion is especially pronounced, and other material resists 
such corrosion better than steel strand. The span should have 
two insulators cut into 1t between the trolley wire and the pole, 
and these with some form of insulating hanger for the trolley 
wire, give three insulations from wire to ground. Clinch ears 
arc to be preferred to soldered ears and are more frequently used. 
The tendency is toward simplicity in construction, but with 
such means as will increase safety and reliability. 

Overhead trolley special work is an important item in con- 
struction. "There are many complicated layouts at busy corners, 
and reliability of construction is paramount. Often with long 
cars it is necessary to set poles considerably back of the curb 
line to secure proper clearance on curves, and sometimes the 
city authorities require that poles be set back to the building 
line at important corners. IL is desirable to develop standard 
layouts which are designed with a minimum amount of overhead 
material, and in which the stresses are so balanced as to secure 
rcasonable assurance of permanence in the structure. In such 
construction great care must be taken to align the trolley wire 
so that the trolley wheel can readily follow it without undue 
restraint. 

In the 1913 report of the Power Distribution Committee of 
the American Electric Railway Engineering Association may 
be found specifications for material and construction of over- 
head trolley lines. In the various annual reports of the Board 
of Supervising Engineers of Chicago will be found the results 


1914] DISTRIBUTION OF ELECTRICAL ENERGY 269 


of numerous tests on trolley material, such as poles and strain 
insulators, and also descriptions of special forms of construc- 
tion. One of the most difficult things to secure 1s a good quality 
of trolley wire. High conductivity has been assumed as the 
chief criterion in securing a first qualitv wire and other desirable 
qualities have been sacrificed to secure this one. lor a city ` 
system, with dense traffic, many feeders and frequent taps, the 
conductivity of the trolley wire is not of paramount importance. 
The qualities of toughness and high tensile strength are most 
important and it is desirable to place an upper limit on the con- 
ductivity and make the other requirements more severe than 
has usually been the case. "The particular qualities required 
and the method of securing them in trollev wire is a subject 
worthy of considerable further study. 

In any street railway system the load will fluctuate widely 
and it is a question of importance to determine upon what 
particular basis to design the feeder system. The load factor, 
that is, the ratio of the average load during the day to the maxi- 
mum within the period, is usually from 40 to 50 per cent in an 
ordinary railway system. If the feeder system is designed to 
carry the peak loads without an overload on the cables, then 
during a large part of the day the current in the cables will be 
far below their safe carrying capacity and considerable copper 
will be idle. On the other hand, if the feeder system should be 
designed on a basis of say a six-hour average load, then the 
cables would be subjected to large overloads for a considerable 
period of time, heating would occur, the cables would more 
rapidly deteriorate, and a shorter life would result. The two- 
hour average is a good basis for feeder calculation as the ordi- 
nary percentage of load in excess of this value is well within the 
overload capacity of the cable, especially since this excess load 
lasts for such a brief time. If this basis is assumed it means 
that the feeders will carry the entire load without being over- 
loaded, except during two-hour morning and evening peaks. 

The detailed method for computing the feeders necessary 
for a city system has been fully described by the writer in a 
paper published in the Journal of the Western Society of En- 
gineers of June 1910, and in the Second Annual Report of the 
Board of Supervising Engineers, Chicago. Briefly, the method 
is to determine from the proposed operating schedules the total 
number of cars required during the “rush hours," and plot 
them upon a skeleton map of the system, thus making a ''spot 
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map." The afternoon maximum period 15 usually the heaviest 
service period so that the car distribution for two hours of what 
is styled the “p. m. rush" is used on the map. On another 
map the trolley sections are indicated and the number of cars 
in each section determined from the spot map. This number 
of cars is then multiplied by the previously determined amperes 
per car, giving the current load for cach section, which is placed 
at the center of load of that section. The required number 
of amperes per car should be determined in all cases by tests 
“upon the particular equipment uscd and service demanded. 
This map is the “load distribution map" and shows very clearly 
the energy requirements of the system. 

A study should then be made of the proper location of sub- 
stations. The best probable locations and trolley sections for 
each station are selected and a graphical calculation of load 
center for each station is made by finding the combined center 
of gravity of the loads about each station. If the station 
locations chosen are not the most economical for distribution 
of copper, studies are made of comparative costs for other 
locations where the company may have property or where real 
estate may be obtained to advantage. After the station locations 
are definitely settled and shown upon this ‘‘station load center 
diagram" and the sections to be fed from each station are de- 
cided upon, light radial lines are drawn on the “load distribution 
map" from each station to the center of load of each section, 
which shows at a glance just what streets are fed from any given 
substation. Because of its appearance this modified “load 
distribution тар” is known as the “spider diagram." 

The most desirable routes for the cables are then determined, 
and the distance from the substation to the center of load of 
each section is measured on a large scale-map. After the com- 
putation of the cable necessary for each trolley section has been 
made a “Тсейег diagram" is prepared. This shows, by а prop- 
erly selected code, from which substation each trolley section 
is fed, the number, size and route of all cables, and whether the 
cable is underground or overhead. 

The calculation of the size of feeders to serve any given trolley 
section depends upon four elements: 

1. The load in amperes upon the section. 

2. The distance of the section from the station. 

3. The allowable drop in the feeders. 

4. The current-carrying capacity of the cables. 
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It is desirable to limit the cables used to a few sizes only 
which may be kept in stock. The labor cost of replacing cables 
is practically independent of the size, and the larger sizes are 
thus more economical than the smaller. For underground 
cables the 1,000,000-circular mil size is a desirable maximum 
as it is readily installed in a standard 3 or 3ł-in. (7.6 or 8.9-cm.) 
duct, in lengths convenient for handling. The current-carry- 
ing capacity of a cable does not increase as rapidly as its cross- 
section, because of the inability of the cable to radiate the heat 
developed. A great deal of study has been made upon the carry- 
ing capacity of cables but no very definite knowledge has been 
obtained, or at least made public, upon the safe capacity of 
cables of various sizes and kinds in ducts constructed in ordi- 
nary street soil. A carefully conducted series of tests, having 
this end in view, would be very desirable. In overhead lines 
the maximum size of cabies is determined almost entirely 
by the weight of cable it is convenient to pull over the cross- 
arms and to handle upon the poles. Probably the most common 
size in city service is 500,000 circular mils. 

The allowable drop in a feeder may be of any value desired 
and it is not usually fixed at the most economical value. For 
a city system subjected to large peak loads a small drop, even 
at peak loads, is desirable even though it is not economical with 
respect to feeder investment, because it is important to operate 
the car motors at approximatelv their rated voltage, and the 
public requires good illumination in the cars, which cannot be 
secured with a fluctuating voltage. А value of 10 per cent 
positive line drop under peak load conditions is not too good 
a standard to set as this means a 60-volt drop on the common 
600-volt system. Even this is too large a drop to allow unless 
the negative return circuit is also designed for a small drop. 

The load on the trolley section and the route of the cables 
has been determined as previously explained. It is only necces- 
sary to measure the feeding distance on a large-scale map and 
then the elements of the computation are all known. The 
first step is to select the size of cable necessary to carry the load, 
and then compute the drop. In general for those sections 
near the substation the cable size fixed by current-carrying 
Capacity is the proper size to use, but for the more distant sec- 
tions the voltage drop limitation may require an increase in 
cable size. To make such calculations readily a chart may be 
used in which are curved lines of constant product, and super- 
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imposed upon these are radial lines showing the relation between 
distance and drop for various sizes of cables. Numerous other 
means have been devised for making the same calculations, 
but unless there is a great deal of computation to be done at 
one time special methods are not needed. 

When a number of stations furnish energy to a city system, 
each station has a feeding district of its own and may operate 
independently of every other. But it is usually advisable to 
operate such stations in parallel so as to distribute the load 
and to have the benefit of assistance from other stations ad- 
jacent if any one is partially or wholly disabled. 

Theoretically, the best manner of accomplishing this is to 
provide direct equalizing ties between the positive buses of the 
stations just as machines are equalized in a station. "The ob- 
jection to this is the large cost of the cable which is necessary, 
and which is not utilized directly in furnishing current to the 
cars. Essentially the same result may be accomplished by feed- 
ing a number of the more important trolley sections from two 
separate substations in such a way that in case of the shut- 
down of one station or of accident to one feeder, the cars on these 
sections could still be operated from the second station. These 
are designated as ''tie-sections," and in addition to the above 
advantages, the feeders are so proportioned and calculated that 
on the whole system in case of the shut-down of one or two 
stations, the cars on the more important sections can be operated 
from the remaining stations by interconnecting through these 
tie sections. The amount of energy drawn over these tie lines 
is regulated both by the relative resistance of the cables and by 
voltage control in the stations. This tie line system represents 
in a measure the factor of safety necessary for successful opera- 
tion. The number of such lines varies with the importance 
of the stations and the density of traffic on the individual sec- 
tions fed from them. 


THE RETURN SYSTEM 


The design of any overhead trolley system naturally involves 
provision for as direct a return of current as possible to the 
negative station busbar. Practically all city railway systems 
use grounded return circuits, the negative side of the distri- 
bution system being connected to ground. Although utilizing 
the full carrying capacity of the track rails insures that the 
majority of the return current will follow this path, a certain 
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proportion may reach other metallic underground structures 
which happen to offer another return path to the locality of the 
substations. It is very desirable to limit these “stray currents” 
to a small value in order to reduce the possibility of electrolytic 
damage to a minimum. Another decided advantage in mak- 
ing the return circuit very good is of course to reduce the energy 
losses. It is too often the case that the return circuits, except 
possibly for rail bonding, are almost wholly neglected, while 
the positive system is carefully planned and constructed. A 
poorly built negative system does not jeopardize life or cause 
delays to the same extent as similar neglect in the positive sys- 
tem would do, but elements of danger and loss are present 
which should under no circumstances be neglected. Negative 
feeders are unlike positives in that the cables form a network 
all connected to the tracks, instead of a group of independent 
cables running to unconnected portions of the trolley wires. 
The earliest form of return circuit was the rails only, which were 
bonded at the joints, and later a connection was made at the 
power station between the rails and the negative bus. As the 
loads and distances increased the drop became excessive on these 
simple track circuits, and supplementary conductors were 
provided to reduce the drops. The simplest method of doing 
this is to provide return conductors in parallel with the rails, 
and in such sizes as to reduce the return drop to the required 
amount. As approach is made to the substation the current 
increases, due to the accumulated load, and in order to keep 
the return circuit from being overloaded the supplementary 
conductors must be increased more and more the nearer the ap- 
proach to the power station. The amount of such supplemen- 
tary copper necessary is computed from the allowable maxi- 
mum return drop. 

It is difficult to make a calculation for this supplementary 
copper in the case of a city system whose tracks form a com- 
plicated network of conductors. But it can be done by assum- 
ing the load distribution as in the positive feeder calculations 
and applving Kirchoff's laws to each element of the network 
formed by the intersecting tracks. The track lengths, con- 
ductivity, and loading being known the drops may be found. 
If the drops must be reduced, this may be done by reinforcing 
the track circuits by additional copper. 

In a grounded svstem, using the rails and supplementary 
copper for returns, in order to secure the full benefit of the sup- 
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plementary copper it is necessary to connect the tracks fre- 
quently to this copper. This bond serves as an equalizer between 
tracks and enables the full track and cable conductivity to be. 
utilized when the load is all on one track as well as when evenly 
distributed. The supplementary copper should be run through 
all special work and directly to the negative busbar. Where 
two cables cross, as at intersections, they should be electrically 
connected so that their equalizing effect may be realized. All 
rails on straight track should be at least well bonded, and pre- 
fetably welded, so as to make the joint as good a conductor as 
the stock rail. At track special work, such as intersections, 
curves or crossovers, it is not usually feasible to weld at the rail 
joints and the special work may thus be cut off from good elec- 
trical conn ection with the tangent track. To preserve the con- 
ductivity of the track circuit, specia) work cables are run through 
the special work and welded to the tangent track at each end. 
The value of the return circuit thus does not depend upon the 
special work rails, which may be removed without materially 
affecting the conductivity. Further details of such a system, 
and the results of tests on cable and bond terminals used as out- 
lined above, may be found in the Third Annual Report of the 
Board of Supervising Engineers, Chicago, 1909. 

The “insulated return system" is another method of con- 
structing a railway return circuit. Іп this the return current 
is taken from the track circuit at various points, selected so as 
10 maintain the track drop within any desired limits. The 
drop on the insulated cables may be of any amount up to the 
value which will cause the current to equal the carrying ca- 
pacity of the cable, and the drop may or may not be of the same 
value on all the cables. The tendency will be for the shorter 
cables near the substation to become over-loaded and some- 
times a resistance must be inserted in these cables to limit the 
current and make the drop approximately equal to that on the 
other cables. It is possible to use negative boosters with these 
insulated returns but they add much to the operating difficul- 
ties, and have found no favor in this country. The insulated 
return system has been used much more extensively in Euro- 
pean countries than here. Two papers* bearing especially upon 
this subject have been presented by Messrs. J. G. and R. G. 
Cunliffe and appear in the Journal of the Institution of Elec- 
trical Engineers. 


* " Electric Traction Vagabond Currents," Vol. 43, Part 197 (1909), 
and ‘‘ Tramway Feeding Networks," Vol. 50, Part 219 (1913). 
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Numerous matters of interest have not been touched upon 
in this report, but an attempt has been made to cover the fund- 
amentals and to record good modern practise. Some important 
matters of design, such as the most economical number of sub- 
stations, their location, and the maximum economical feeding 
distance, have not been discussed. Other matters of less the- 
oretical character offer equal opportunities for investigation— 
such as the possibility of using higher voltage in operation, and 
the use of some form of three-wire system. e 


APPENDIX V. DIRECT-CURRENT DISTRIBUTION 
FOR UNDERGROUND AND ELEVATED RAILWAYS 


BY E. J. BLAIR 


The term “underground and elevated railways” used in the 
title of this report refers only to such railways when used for 
passenger service in large urban centers. The word subways 
may be substituted for “underground railways” to make the 
meaning more clear. 

The railways of this description at present in operation or 
under construction in the United States distribute direct-current 
energy at approximately 600 volts bus pressure, using in general 
a third rail for the working positive conductor and the track 
rails reinforced by other conductors for the return circuit. 
Therefore this type will be given specific attention, although 
before passing to the details, mention will be made of other 
methods of distribution. 

With the same type of distribution there is of course the 
possibility of increasing the potential. This would not seem 
desirable, thereby causing a departure from the established 
equipment standards, because for subways and elevated roads 
the density of loading will always be rather heavy on account 
of the class of service. This necessitates numerous distribu- 
ting points, and on the other hand the length of feeding will 
never be very long, so that 600 volts bus pressure can be ac- 
cepted as good practise and the advantage of higher pressure 
would not offset the disadvantages. For the same reasons, 
no time will be spent in discussing the matter of alternating 
current. f 

Passing to other types of direct-current distribution, several 
modifications of a three-wire system are used in different parts 
of Europe. The most radical of these is the method used in the 
subway of the City and South London Railroad; which is a 
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double track tube using the third, rail conductors of the two 
tracks as the outside wires of the circuit and the running rail 
as the middle or neutral wire. This of course has the effect of 
minimizing the current flow in the track rail and thereby elim- 
inating trouble from stray currents. However, such a method 
is only possible with a small and simple system, wherein the 
current loads are practically balanced between the two tracks. 
Another similar method is that used in the Nord-Sud subway 
in*Paris, where a third rail is used for one side of the circuit 
and an overhead trolley wire for the other side with 1200 volts 
between the two and 600 volts from either to the track rail. 
This method would seem to be preferable to that of the City 
and South London, since it is not necessarv to balance one 
track against the other. It also is used for the purpose of elim- 
inating stray currents from the grounded track rail, by reduc- 
ing the current in the track rail. 

In London in most of the subways and tubes a fourth rail 
is used for the negative conductor, placed on the opposite side 
of the track from the third rail or more generally in the center 
of the track. This scheme of course entirely eliminates the 
difficulties from stray currents from a grounded track rail, 
since both sides of the circuit are insulated. It introduces 
operating difficulties due to the addition of the fourth rail, 
especially when one side of the circuit becomes grounded, as 
sometimes the results react upon equipment at distant parts 
of the line. It also adds to the burdens of maintenance, and 
complicates construction, especially at cross-overs and switches. 
ouch a system 1s quite necessary in London on account of the 
severe limitations of return circuit drop imposed by the British 
Board of Trade when grounded conductors are used. With 
ordinary care the drop in track rail return circuits in the class 
of service under discussion may be kept within such bounds as 
will not cause electrolytic damage and therefore to resort to 
the fourth rail would not seem necessary unless municipal 
regulations exact it or unless for any given condition good en- 
gineering economy justifies it. However, in laying out a new 
system it would alwavs be well to carefully weigh the merits 
and costs of the fourth rail system against the method of track 
ral return with its necessary auxiliarv copper. 

The tvpe of construction. common in the United States, 
namely the third rail with track rail return, is the particular 
object of study of this paper, since it is most common and moré 
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nearly meets all conditions. Where traffic is so dense as to 
require the construction of an expensive. subway or elevated 
railroad, then the distribution must be laid out in such a way 
as to fulfill the following conditions, namely: 

a. The maximum of reliability. | 

b. Ability to care for peak loads out of all proportion to 
mean requirements. 

c. Heavy currents per train unit, and such close headway 
that extreme current densities obtain per mile of track. 

In laying out such a system, therefore, the problems of size 
and amount of conductors, etc., are the least difficult for the 
engineer to solve, and the most important feature to be consid- 
ered is that of simplicity and perfection of operation. The tend- 
ency has been to lay too much stress on the former and not 
enough on the latter. The methods of computation for feeder 
sizes, etc., described in that portion of the report given over 
to surface cars systems, may be applied to some extent to cal- 
culations for elevated and subway work. In considering the 
operating features we find that the arrangement and division of © 
the electrical distribution with respect to the track, or what is 
called sectionalizing, is worthy of the most careful attention. 

An elevated or underground railway is, generally speaking, 
not composed of the complicated network of tracks and line 
distribution that is found on a surface car system in a large 
city. In other words, the current is distributed from substations 
or power stations 1n a straight line on both sides of the station, 
whereas for surface car systems the distribution radiates in all 
directions from substations. The fact that we have no net- 
works to consider makes positive and negative distribution a 
much more simple task from the purely electrical engineering 
view point, than is the case on surface roads. There seems 
to have been a tendency, however, to follow their precedents 
originally in methods of sectionalization, especially as to the 
matter of connecting both tracks of a double-track road to the 
same electrical section. This scheme may have its advantages 
in economy of distribution, but its great disadvantages from an 
operating point of view more than outweigh such advantage. 
In effect it makes a single-track railway out of what should be 
a double-track road. 

Investigation has been made of several properties, each hav- 
ing different methods of sectionalization and all of them fairly 
typical of conditions throughout the country. One of the 
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methods]is that described above, namely, both tracks being 
tied together. In another case a large part of the railroad is 
connected on one common system of feeders and switches every 
few thousand feet along the track are employed for isolating 
parts that are in trouble. This system is even more difficult 
to operate than the other. Still another system, and the best’ 
of the three, separates the two tracks from each other and also 
breaks the system up longitudinally at intervals. This latter 
system employs practically no track switches and therefore 
puts all section circuit breakers and switches on the switch- 
board in the power house or substation. 

The diagrams shown in Fig. 9 typifv these three systems of 
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sectionalizing, with a fourth that is more nearly the ideal one. 
In each diagram a double track road with no branches and with 
two substations is used to illustrate. 

Fig. 9А is the system with the two tracks connected together 
on the same feeder cables and hence on the same circuit breaker 
or breakers in the substation. It is divided lengthwise at 
points opposite the substations and at a point half way between 
the two. At this latter location switches or circuit breakers 
are installed. Thus there are four sections shown. Of course 
in many instances there may be additional sections on the ends 
with independent feeders. This system uses the conductivity 
to good advantage, but it is at once apparent that a short cir- 
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cuit either of momentary or prolonged duration on either track 
affects the other track and causes operation in both directions 
to cease. 

Fig. 9B shows both substations feeding in on a common bus, 
that is, all feeder cables and conductor rails are connected in 
one general section. This also is very economical of copper 
but usually necessitates several circuit breakers being in parallel 
on the distributing board, a condition which in itself is undesir- 
able. To give an opportunity to isolate trouble either track 


switches or track circuit breakers are installed at intervals of 


a few thousand feet. "The track circuit breakers to be effective 
quickly, both on opening and closing, should be controlled 
from the substation. In either event, whether thev are remote 
control or simple circuit breakers, a large amount of mainten- 
ance is entailed on account of the number involved, and the fact 
that they are not under the eve of an attendant. It has been 
found desirable on one road to eliminate the automatic circuit 
breakers and rely on switches only. Even with the circuit 
breakers, a heavy short circuit is apt to open the entire section 
at the substation. With such circuit breakers of the ordinary 
simple type it is also quite likely that one may open and leave 
its particular sub-section dead until such time as some one 
closes it, which usually involves a little delay. All things con- 
sidered, it is felt that such a layout is even less desirable than 
that shown in Fig. 9a, since there is no sectionalization directly 
under the control of a skilled attendant, unless the remote con- 
trol feature with its complications is resorted to. 

In Fig. 9c the tracks are separated from one another and each 
track is sectionalized longitudinally opposite the substation. 
Additional division may be had at as many points as may be 
desired along the track, necessitating additional feeder cables 
and panels. However, the substations will usually be suf- 
ficiently near together to do away with the necessity for this ad- 
ditional division. It will be noted that the sections between 
the two substations are common to both or are ''tie sections." 
This may be done either solidly or through switches or circuit 
breakers. This method is not as economical of copper as that 
of Figs. 9А or 9B, but is very satisfactory from an operating 
point of view. The only bad feature is the two substations 
feeding into the common sections, making it necessary to get 
both ends open in case of trouble. It has sometimes been found 
advisable, in order to secure better economy of distribution, 
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to connect the two tracks together through equalizing circuit 
breakers. This, however, adds another complication when 
quick opening is desired. In general a svstem of this sort oper- 
ates very satisfactorily. 

Fig. 9p differs very little from the scheme shown in ds 9с 
and is the ideal to be worked toward. The ''tie sections” are 
connccted through circuit breakers preferably remotely con- 
trolled bv one ot the substation operators, or, if at a conven- 
ient location to interlocking tower or dispatcher's office, by the 
attendant at such places. Sometimes the use of a circuit breaker 
with a no-voltage rclease is all that is necessary. It may seem 
that “tie sections" are not necessary, but in actual practise 
they are very desirable, since they permit of the shutting down 
of certain. substations during very light load hours, and in 
addition they permit continuous operation of the road 1n case 
of accident to machinery 1n any one substation. 

Such a svstem may be amplificd by the addition of track 
switches or even circuit breakers where sub-sections are de- 
sired. It is believed, however, that good results will be obtained 
without either and that the switches without the circuit breakers 
will usually be all that is necessary. With the system shown 
in Fig. 9p in mind, it will be well to go into one or two general 
considerations. First; how big should such sections be? This 
of course will depend upon several factors, the first of which is 
the geographical layout of the railroad. This consideration 
has its effect on the location of substations and the consequent 
distance between them. Extremely large substations for 
clevated and subway work should be avoided and consequently 
this means numerous substations. This belief is founded more 
particularly on return circuit conditions than on positive con- 
ditions. For a substation feeding two tracks and in two di- 
rections only, it would seem undesirable to go much higher than 
5000 kw. in capacity. Where the feed is in four or six directions, 
as may readily occur at junction points, the capacity should 
not exceed 10,000 kw. This statement of course does not 
necessarily apply to what are called joint substations where 
different classes of surface and elevated or subway loads are 
handled. Assuming a single line of double track road served 
by 5000-kw. substations, it will readily be seen that in heavy 
elevated or subway service such stations will not be so far apart 
as to make “tie sections” very long. On the extreme ends of 
such systems single sections (not tie) should not be permitted 
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to exceed two miles (3.2 km.) in length. This would mean a 
maximum of four miles (6.4 km.) for “‘tie sections." Of course 
with the usual elevated and subway service the sections would 
be of much less extent, if the size of substations were restricted 
to 5000 kw. The other restriction on the size of sections is 
of course that of load. Each section should be served by only 
one circuit breaker per switchboard to give the best results 
and it is not desirable in railway service to run circuit breaker 
sizes much above 4000 amperes, and 3000 is better. The 
former size will permit of an overload sctting of 8000 amperes 
which should be ample for any one section. 

"To summarize, the single sections should be restricted in size 
to a mean load during heavy periods of 4000 amperes and to 
a maximum length of two miles. 

With sections limited as above, track switches or track cir- 
cuit breakers would be necessary only when isolation of short 
pieces of track is required. In subways this feature adds some- 
what to the factor of safety to the public, and is even further 
carried out by providing means so that any motorman or other 
employee can instantaneously cut off the power by pulling a 
nearby box or cord. Certain municipalities require sub-divi- 
sion into very short lengths in order fully to protect the public. 

In dividing a railroad up into sections, due regard must bc 
given to the point of separation of sections. In general the open- 
ing between two sections should not be closed by a car in pass- 
ing over same. That 1s to say, one collector shoe must not bc 
on one section while the other shoe ijs on the adjacent section. 
With certain types of equipment when trains are '*bus-coupled" 
it is impossible to avoid this. Where gaps between sections 
are apt to be “bridged” or closed by a car or a train, it is quite 
essential to keep the voltage the same on either side of the gap. 
It is desirable so to locate the gaps between sections that they 
will occur at points where motormen are normally not draw- 
ing power. A little care in the selection of gap points will 
materially improve operation of the car equipment. It is 
needless to say that from this point of view as few gaps as 
possible are desirable. In sectionalizing too much emphasis 
cannot be placed on simplicity in the switching arrangements, 
since this makes for speed in handling emergencies. 

Complicated track junctions can best be handled as individual 
sections from the substation. There is always a tower at such 
places which affords an opportunity to further subdivide the 
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junction through circuit breakers, so that in case of trouble 
at any given point, the towerman can immediately isolate it. 
This 15 of course carrying out the track switch idea to a certain 
extent. 

CoNSTRUCTION METHODS AND MATERIALS 

Briefly stated, it is not good practise to use third rail con- 
ductors that are too light in weight, since they are much more 
difficult to maintain in substantial fashion. Further, it is not 
good to have third rails that are not reinforced by auxiliary 
copper. There is a temptation to run up the weight and con- 
ductivity of the third rail and not add the copper on certain 
outlying sections. In such cases where breaks in the bonds 
around third rail joints occur, it will be seen that without the 
copper to carry the current, a part of a section may become 
absolutelv dead. бо that even if for regulation no auxiliary 
copper is required, it is a good thing from the emergency side, 
and even a small copper conductor will be worth while to insure 
reliability. If such a thing is not used an emergency switch 
to cut in and obtain a back feed from another section is many 
times quite worth while. 

One of the distinct advantages to be obtained from a system 
such as Fig. 9c which does not use track switches is, that all 
the conductivitv of the third rail 1s brought into play as part 
of the feeder system. 

Substation construction for elevated and subwav service 15 
almost identical with that for city surface car lines. This has 
been covered in that part of the report dealing with the latter 
tvpe of railwavs. 

RETURN CiRCUITS 

This subject is such an important one that it hardly seems 
advisable to attempt to treat it as part of a general paper on 
distribution. Furthermore, it seems probable that more defi- 
nite conclusions on the subject will be arrived at shortly than 
have been existent before, on account of the combined efforts 
of the various engineering associations. Suffice it to say that 
with grounded conductors such as are used in most of the pres- 
ent systems, great care must be used to keep within proper 
bounds the potential differences along such conductors. This 
is what makes it essential to resort to small and numerous sub- 
stations. In most cases it is not necessary to insulate the neg- 
ative conductors, but with grounded conductors one good way 
to limit the drop.is by the use of insulated negative feeders. 


1914] DISTRIBUTION OF ELECTRICAL ENERGY 283 


Such an installation has a more direct application and is more 
necessary in subway work than on elevated lines. Certain 
itis that not enough attention has been paid to the negative 
circuit in past installations. 


APPENDIX VI. DIRECT-CURRENT DISTRIBUTION 
FOR INTERURBAN AND STEAM. RAILROADS 


BY W. G. CARLTON 


Prior to 1906, practically all direct-current operation on in- 
terurban or steam railroads in the United States was at po- 
tentials of approximately 600 volts. In general, power was dis- 
tributed through an ordinary overhead trolley wire, this being 
reinforced by such additional feeders as were necessary. In 
a few cases power was distributed through third rails, the ar- 
rangement of third rail being practically the same as used on 
elevated and subway lines in the large citics. There was no 
electric operation of heavy trains on any of the steam railroads 
with the exception of the Baltimore & Ohio Railroad, at Balti- 
more, which operated trains through a tunnel at slow speed 
and for a short distance. 

In 1906 the New York Central & Hudson River Railroad 
and the Long Island Railroad began changing over from steam 
to electric service in and near New York City. The Pennsyl- 
vania Railroad began electric operation through its tunnels 
in New York City in 1910 and about the same time the Michigan 
Centra] Railroad began electric operation through its Detroit 
River Tunnel. In all of these cases power was distributed over 
third rails at approximately 650 volts. 

The New York Central and Michigan Central Railroads 
used a suspended tvpe of third rail, contact being made on the 
bottom, the rail weighing 70 lb. per yard. (28.5 kg. per m.) 
The Long Island Railroad used a top contact third rail, weigh- 
ing 100 lb. per yard. (40.8 kg. per m.) The Pennsylvania 
Railroad also used a top contact third rail, but weighing 150 Ib. 
per yard (61.2 kg. per m.). Where necessary, additional feeders 
were used to reinforce the third rail and in some cases, remote 
control switching stations were installed for the purpose of con- 
necting parallel third rails and cables and still being able to 
disconnect them quickly in case of trouble. With the roads 
mentioned, power was distributed from substations located 
from four to eight miles apart. 

Railroads using the third rail method of distribution have 


284 DISTRIBUTION OF ELECTRICAL ENERGY  |Feb. 27 


found it necessarv for locomotive service to install a small 
amount of overhead third rail or trolley wire over long cross- 
overs. This overhead conductor is not necessary where trains 
of motor cars are used, as they will span the gaps in third rails 
at crossovers. 

The substation equipment for 600-volt service has not changed 
materially for several years with the exception of the intro- 
duction of commutating pole synchronous converters and gen- 
erators and the use of larger machines. Storage batteries arc 
not being installed to any great extent, and for protection against 
interruption to service, ample capacity in substation apparatus 
and in high-tension lines between generating stations and sub- 
stations is relied upon. 

It is not probable that potentials as low as 600 volts will 
be used for electrification of steam railroads, with the possible 
exception of those in and near Jarge cities. At the present time 
the tendency is towards the use of 1200 volts or higher, not 
only for steam railroads but for interurban roads of considerable 
length. "There are in the United States, 28 railroads operating 
or preparing to operate at 1200 volts or higher, the maximum 
voltage being 2400. For all of these roads, the distribution 
is by means of an overhead trolley, although one of them is 
using third rail for a portion of its work and a second road is 
preparing to do so. In general, the catenary type of trollev 
construction is used. 

Power for operation at 1200 volts is furnished direct from 
steam-driven generators in a few cases, but as a rule is furnished 
from synchronous converters or motor-generators, these being 
either 1200-volt machines or two 600-volt machines in series. 
The only direct-current 2400-volt road in operation at the pres- 
ent time uses motor-generators with two 1200-volt machines 
in series. 

The Butte and Anaconda Railroad installation is an example 
of what can be done in handling steam railroad service. Direct 
current at 2400 volts is used. The trolley wire is No. 4/0 and 
but two fceders are needed, a 1,000,000-cir. mil for the positive 
side and a No. 4/0 for the negative side of the circuit. There 
are two substations 26 miles (41.8 km.) apart. In one dircction 
trailing loads of 3400 tons are hauled, the maximum grade 
being 0.3 per cent. In the other direction trailing loads of 
1000 tons are hauled, the maximum grade being 1.0 per cent. 

The general problems of d-c. distribution for interurban 
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and steam railway purposes are here omitted because, except 
for the weight of train units and consequent details of construc- 
tion, they are not essentially different from those discussed by 
Messrs. Gear, Torchio, Rice and Blair, respectively, in earlier 
appendixes of this report. 


APPENDIX VII. A-C. DISTRIBUTION FOR INTER- 
URBAN AND STEAM RAILROADS 


BY W. S. MURRAY 


In a number of instances attempts have been made to connect 
cities using direct current on their overhead systems by inter- 
urban lines using alternating current on their overhead systems. 
This necessitated great complexity in the design and control 
of the motive power equipment to perform the duplex opera- 
tion. The attempt naturally did not meet with success as it 
was clearly an abuse of the application of alternating current. 
It may, therefore, be said: 

That the alternating-current contact wire in general has no 
application in the interurban field where the equipment must 
be common to city and interurban operation. 

Economies in steam railroad electrification may be looked 
for and secured by providing a high over-all efficiency from the 
terminal of the primary transmission system to the drawbars 
of the trains. Such a svstem is the one delivering high-voltage 
alternating current from a single overhead wire, which while 
doing this also possesses the greatest adaptability and elasticity 
under the onerous conditions imposed upon it by modern heavy 
transportation. 

By reason of the general acceptance and standardization 
of 25 cycles, such a frequency in a single high-voltage contact 
wire, while conforming to a periodicity generally in use, also 
permits all classes of equipment to operate beneath it, such, 
for instance, as single-phase, split-phase and, through the 
medium of a rectifier, direct-current motive power apparatus. 
Therefore, іп the case of steam railroad elcctrifications, in virtue 
of the above-mentioned facts, it would seem reasonable to offer 
as recommended practise. the use of a single overhead wire 
furnishing high-voltage alternating current of 25 cycles as the 
contact system for the motiye power apparatus operated there- 
under, 
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APPENDIX VIII. THE RELATION OF DISTRIBUTION 
PROBLEMS AND SWITCHING APPARATUS 


BY E. B. MERRIAM 


The principal problems in the distribution of electric power 
which are affected by switching and auxiliary apparatus may 
be classified as follows: | 

1. Maintenance of continuous service supply. 

2. Protection against service interruptions due to faults 
in the distributing system and receiving apparatus. 

3. Safe interruption of circuits abnormally loaded. 

4. “Safety first” protection for all who come near the dis- 
tribution system. 

5. Operation of the distribution system at maximum ef- 
ficiency. 

SERVICE MAINTENANCE 

The maintenance of continuous service supply is usually ac- 
complished by feeding the distribution system from one of 
several sources of power supply through two or more buses or 
their equivalent. Connection is ordinarily made between the 
different parts of such a system by some form of switch in addi- 
tion to a circuit-interrupting device. 

For 250-volt threc-wire Edison direct-current systems the 
switches are usually single-pole, single-throw, edgewise type. 
They are designed to be arranged in very compact form and 
economize space so that a large number of feeders may be con- 
trolled from a minimum size switchboard. For alternating- 
current and direct-current switching service at pressures up 
to 750 volts, 1t is customary to use the so-called knife blade or 
lever switch, mounted preferably upon slate and equipped with 
or without quick break features. | 

Alternating-current systems operating at pressures above 
750 volts are cquipped with plain lever switches furnished with 
detachable handles and usually some form of locking device for 
retaining the blade in the closed position against the action 
of large magnetic forces which are often developed during short- 
circuit conditions. Up to 2500 volts, these switches may be 
mounted on marble bases, but above this pressure the best 
practise demands that the switches be mounted on porcelain 
insulators secured to iron or stecl bases, and located remote 
from the switchboard. 

For direct-current systems above 750 volts, remotely con- 
troled lever switches are becoming standardized. These are 
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usually mounted on porcelain bushings set in slate bases form- 
ing part of the switchboard panels. 

In some cases, particularly in isolated plants, automatic 
devices are sometimes installed to connect the house service 
system with the central station distribution system in case of 
failure of the isolated plant supply, but such devices have only 
a limited application. 


SERVICE PROTECTION 


A means of giving complete protection against service inter- 
ruptions due to faults which develop in the distribution system 
and receiving apparatus is now being diligently sought by 
manufacturers and operators. Their investigations have re- 
sulted in the development of numerous schemes for indicating 
the appearance of faults in the distribution system and for 
disconnecting faulty feeders without disturbing the healthy 
ones. 

One of the indicating m depends for its operation on 
the unbalancing of the currents in the legs of a three-phase 
feeder caused by a ground or other fault. The unbalancing 
induces currents in special series transformers connected to the 
feeder and gives a visual and audible indication of trouble by 
tripping a shutter covering the number of the faulty feeder 
and ringing a bell. 

Another scheme, originally developed abroad as a result of 
suggestions by Kallman and Andrews, depends for its operation 
on a difference appearing between the current entering at the 
supply end of the feeder and that leaving it at the receiving 
end when a fault develops. Until recently, it had not been 
considered for use in the United States because it requires the 
use of auxiliary wires to connect the devices placed at the ends 
of the feeders, and in some designs, special current transformers 
which may be balanced one against the other. Besides, under 
some conditions, it gives no indication of failure of continuity 
of the auxiliary circuit, which thus renders the protective feature 
inoperative. It is very sensitive, however, and discriminates 
accurately between healthy and faulty feeders. It can also 
be so adjusted that it will disconnect a faulty feeder before the 
fault gives rise to dangerous circuit conditions. 

A modification of the above, which eliminates the auxiliary 
wires, has recently been developed. This divides each feeder 
into two parts, placing the parts in the same or in separate 
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cables. The incoming and outgoing currents at the ends of 
the two parts of the fceder are then balanced through series 
transformers connected to them, and the secondary circuit 
arranged as before. 

A number of other schemes have been proposed and are in 
operation, which depend on various kinds of overload, reverse- 
power and kindred types of relays. The overload relays are 
usually made partially sclective by some form of time delay 
whose value is in whole or part a function of the overload cur- 
rent. Three principal types of time delay schemes are now 
avalable. One depends on the retardation effected by an 
electrically driven gear train, the electric feature being act- 
uated by the overload current. Another depends for its time 
delay on the action of a permanent magnet on a disk of con- 
ducting material rotated between its poles. А third depends 
upon the retardation effected by the expulsion of air from 
a bellows through a fixed orifice. 

The reversc-power relavs depend primarily on a reversal in 
the direction of power flow. Numcrous forms have been de- 
veloped in which the solenoid, dvnamometer, and induction 
principles have been employed with тоге or less success. They 
all depend on the interaction. between current and pressure 
coils and their range is usually limited bv the high minimum 
pressure at which thev will operate without requiring excessive 
current flow. b 

Circuit INTERRUPTERS 

The sate interruption of circuits abnormally loaded pre- 
sents one of the most difficult problems encountered in dis- 
tribution. | 

For direct-current circuits up to and including 1200 volts 
the carbon-break circuit breaker is applied almost universally 
with eminent success. Above 1200 volts, however, it has been 
found necessary to adopt some form of magnetic blowout, 
and rcliable circuit breakers utilizing this principle have been 
developed for direct-current circuits up to 5000 volts. 

For all alternating-current circuits, with but few exceptions, 
the oil-immersed circuit breaker is now considered standard. 
It has been the object of considerable study and research, 
with the result that its operating characteristics have been 
markedly improved. The design of contacts, characteristics 
and quality of the oil, and shape, ventilation and fastenings 
of the oil vessel have been given especial attention. Further 
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improvements may be looked for in the direction of increased 
speed of break, better confinement of the oil in the neighbor- 
hood of the arc, and an increase in the number of breaks in 
series per phase. 

The duty demanded of oil eircuit breakers has, however, 
been very rapidly increased of late due to the huge generating 
capacities now being concentrated in single units, and grouped 
in central stations. The stored energy of such systems has 
now become so great, that it 1s no longer possible for the oil 
circuit breaker to dissipate it unaided. Various schemes have 
therefore been proposed and adopted for assisting in the dis- 
sipation of this energy. The first one places reactance in the 
generator or feeder circuits so as to limit the power which could 
be obtained on short circuit. "This reduced the drain on the 
generating equipment and in turn reduced the effect of the ab- 
normal disturbance оп feeders other than the faulty one. Ап- 
other scheme introduces reactance into the circuit to be inter- 
rupted after the abnormal disturbance has been manifested 
and before the oil circuit breaker clears the circuit. This 
scheme reduces the current that the oil circuit. breaker must 
interrupt but does not limit the initial drain on the generating 
system or protect feeders adjacent to the faulty one. А third 
scheme introduces resistance into the circuit in shunt with the 
oil circuit breaker during its operation. This scheme is the 
only one which increases the energy dissipating capacity of 
the modified circuit breaker and appears to represent the most 
efficient solution of the problem. 


SAFETY FIRST 


The protection of attendants and others from injury caused 
by contact or otherwise with distribution svstems is being 
daily given more attention. To mect this situation, manu- 
facturers have placed on the market lines of so-called ''safety 
first" apparatus. It has all of the live parts enclosed in iron 
or steel compartments to which entry is prevented, except 
when the circuits leading in have been disconnected from the 
distribution system. These lines include all forms of switch- 
ing devices from low-pressure, small capacity, single pole, single 
throw, fused lever switches to complete switchboards, for use 
on 15,000-volt high-capacity circuits. 


OPERATION EFFICIENCY 


The operation of distribution systems at a maximum  effi- 
ciency requires a minimum investment in feeders and depends 
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for its accomplishment, among other things, on the ability 
of the various switching and auxiliary devices properly to 
perform their functions. These devices together with their 
limitations have been discussed elsewhere in this report and 
repetition here is deemed unnecessary. 


CONCLUSIONS 


It is seen, therefore, that a considerable number of important 
distribution problems depend for their solution on the charac- 
teristics and performance of switching and auxiliary apparatus 
and that strenuous efforts are being made to improve the various 
devices so that they will satisfactorily perform all their functions, 


APPENDIX IX. DISTRIBUTION FOR STREET 
LIGHTING SERVICE 


BY PAUL M. LINCOLN 


The problem of distributing power for the specific service 
of street lighting is quite different from that of power distri- 
bution for commercial lighting and other purposes. There 
are two peculiarities which differentiate it particularly from 
the usual distribution problem. These are: 

1. That the area over which the power for street lighting 
must be distributed, must, at the same time, be served by an 
entirely separate general distributing system. 

2. That all of the power for street lighting service must be 
switched at certain predetermined periods of the dav, being 
needed only in the hours of darkness. 

The fact that strect lighting is required only at night makes 
it desirable that this particular service shall be fed by a separate 
distributing system, so that the power for use thereon may be 
turned on and off at will from a single point. 

The alternative to the separate street lighting distributing 
system is to use the same distributing system for street lighting 
as for other purposes and to have the strect lamps switched 
off and on singly or in groups at a point near the location of the 


lamps. This latter alternative presents so many difficulties. 


that it has been used only to a verv limited extent, where 
groups of lamps are located in a small area such as a small 
park or playground. Where lines are all underground it is 
usually cheaper to give this service from the general network 
and switch it at various points by hand than to build separate 
circuits. 


----- — - - 
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The requirement for the simultaneous lighting and extin- 
guishing of all street lamps led to the development and con- 
tinued use of the so-called "series system." In this svstem, 
all of the lamps of a given circuit are operated in series at a con- 
stant current. The amount of current used varies with the 
type of lamp, from a minimum of about four amperes, with 
some of the more recent types of lamps, to a maximum of 
approximately ten amperes, which was the standard when 
Brush brought out his first arc lamps. Ten-ampere series cir- 
cuits are also the standard current rating for long-burning flame 
carbon arc lamps, which have recently been developed and are 
being extensively used in this country. Approximately 20,000 
of these lamps have recently been placed in operation in Chicago. 
The voltage on a circuit varies, of course, with the number of. 
lamps, reaching a maximum of 10,020 to 12,000 volts in some 
cases. There are, at present in use, two methods of securing the 
constant current required by series street lighting systems: 

1. The use of a constant-current generator, in which the volt- 
age-varies with the load on the circuit. 

2. The use of a constant-current transformer, which re- 
ceives constant-potential alternating-current energy and de- 
livers constant-current alternating-current energy, the poten- 
` tial of which depends upon the load of the circuit. 

. The constant-current generator may be either direct-current 
or alternating-current, but practically all arc machines are of 
direct-current type. It is noticeable, also, that practically 
the only type of direct-current arc machine that has survived 
is the so-called “Brush arc machine," which is a direct de- 
scendant of the original machine designed by Charles F. Brush 
back in the days between 1875 and 1880. f 

The ease of securing constant alternating current by means 
of the constant-current transformer, together with the general 
adoption of constant-potential alternating-current systems 
for general power supply purposes, has made the use of a-c. 
constant-current arc service very general. The invention 
some ten years ago of the mercury arc rectifier has also enabled 
us to obtain constant direct current from the constant-current 
transformers, using, as a source of supply, the standard con- 
stant-potential alternating-current systems that have now 
become standard. Therefore, the use of such constant-current 
transformers in conjunction with rectifiers has largely taken 
the place of the constant-current direct-current arc machines, 
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and, as time goes on, the displacement of the arc machine by 
the rectifier will probably become more and more complete. 

The advantages of constant-current operation, as compared 
to constant-potential for the operation of street lights, are 
numerous. They are so sweeping as practically to eliminate 
the constant-potential service for this purpose. They may 
be enumerated as follows: 

1. The lamps may be lighted and extinguished from the 
central station exactly on any predetermined schedule. This 
is the fundamental requirement that has made necessary the 
development of a special distributing system for this purpose. 

2. Constant-current circuits, as developed at present, have 
a relatively small ampere capacity (from four to ten amperes) 
and are available at a relatively high voltage (8000 to 10,000). 
Consequently, the investment in copper for distribution pur- 
poses is reduced to a minimum. 

3. The constant-current arc lamp system is inherently stable, 
whereas the constant-potential arc lamp must induce its sta- 
bility by means of a Series resistance of considerable value. 
The amount of this series resistance is comparatively large in 
constant-potential circuits, since it is necessary to operate the arc 
on available commercial voltages which are higher than required. 
Naturally, therefore, this excessive resistance decreases the effi- 
ciency of the constant-potential arc lamp. 

4. When metallic filament lamps are used instead of arc 
lamps on constant current, we also have important advantages. 
The filaments of the constant-current lamps are of larger dia- 
meter and shorter than those demanded by constant-potential 
lamps, and, as a consequence, the lamp is not only stronger 
and less liable to damage but also it is subject to smaller radia- 
tion losses on account of the smaller area exposed. This latter 
advantage is particularly noticeable in the ‘‘nitrogen-filled’’ 
lamp which holds out so great promise of future developments. 

А system of street lighting which is a compromise between 
the constant-potential system for individual lamps and the 
constant-current system 15 one in which a series of lamps is opera- 
ted across a constant-potential circuit. In this system 2200 or 
other available voltage is used to operate a series of metallic 
filament lamps, each series having a sufficient number of lamps 
to make the total voltage across the series the same as that of 
the line. | 

In order to prevent the breakage of a single lamp inter- 
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rupting service on the entire series, each lamp is shunted by 
a special reactance coil. This coil is so designed that it takes 
but a small proportion of the total current of the system while 
the lamp is burning. If, however, the lamp filament should 
break, the entire current of the circuit passes through the re- 
actance coil without danger to the coil. This characteristic 
is obtained by designing the iron circuit of the reactance coil 
so that it is operated above the bend of the saturation curve 
when passing the entire current of the circuit. At the same 
time, it is possible to obtain a curve of regulation, so that a con- 
siderable percentage of the total number of lamps on the circuit 
may be out of service before the current on the whole circuit is 
reduced beyond allowable limits. In this system we may see 
a return to a system which was used at least twenty years ago. 
The writer well recalls the usc of these identical devices in thc 
apparatus that was built in 1892. 

This system has the material advantage that it does not 
require switching service for each individual lamp, but that 
this service may be accomplished at опе point for an entire 
series of 30 to 35 lamps. Also, it is quite possible to group 
the switches for a number of circuits at one point. By this 
means, therefore, the cost of switching may be reduced vastly 
below what would be necessary if cach individual lamp re- 
quired this service. 


To be presented at the 2d Midwinter Convention of 
the American Institute of Electrical Engineers, 
New York, February 25, 1914, under the aus- 
pices of the Electric Power Commiitee. 


Copyright 1914. By A.I.E.E. 
(Subject to final revision for the Transactions). 


SCOPE OF ENGINEERING DATA SUB-COMMITTEE 
REPORT OF THE SUB-COMMITTEE ON ENGINEERING DATA 


PERCY H. THOMAS, CHAIRMAN 


HE Engineering Data Sub-committee was created by the 
present administration and has therefore no established 
precedents to indicate the proper scope of its activities. The 
appointment of the committee grew out of the work of the 
original High-Tension Transmission Committee of ten years 
ago, under the leadership of its chairman, Mr. Mershon, in 
collecting engineering data about high-tension transmission 
plants and the similar work of the High-Tension Transmission 
Committee last year undertaken at the suggestion of Mr. 
Mershon, then President. The general approval of this col- 
lection of high-tension transmission data suggested the thought 
that valuable data might be collected in other fields. 

The carrying forward of and the arranging for general use of 
the collection of data on the line initiated by the High-Tension 
Transmission Committee last vear have been assigned to the 
present Engineering Data Sub-committee. 

The broader possibilities of its work have been considered at 
some length by the committee, and while various practical 
considerations seem to introduce many limitations to the scope 
of its activities, there appears to be a legitimate and fruitful field 
for 315 work. Itis the purpose of the present discussion to state 
briefly some of the considerations that are in the minds of the 
committee, and to ask that members will give the Institute 
the benefit of their criticisms and suggestions for the guidance 
of its future action. The committee would greatly appreciate 
the views of the membership concerning the scope of the com- 
mittee's work. 

From the point of view of the present discussion the епрі- 
neering data desired by our members may be classed under several 
heads. 

(a) Information of an exact character, which can be mathe- 
matically demonstrated or which universal consensus of opinion 


has definitely determined. 
295 
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Such data are theoretical formulas, physical constants, sys- 


tems of measurements and units, in some cases accepted en- 


gineering standards, strength of materials and their salient 
qualities, methods of tests (in some cases), etc. 

(b) Information as to forms of construction or elements of 
design which have been used by various individuals in solving 
such problems as are frequently recurring and the conditions 
of which are well understood by engineers in general. Such 
information will usually be useful to an engineer who has a 
similar problem to solve. In this class is such information as 
water turbine performance, steam condensers, transmission 
line construction, overhead trolley design, data on measuring 
instruments, сіс. 

(c) Information of a more specific character than that of 
cases (a) and (b), which applies only in special situations where 
the conditions of the problem are not easily described or under- 


stood by engineers in general. Such information would be 


of little use in connection with a different problem. Such cases 
would be the design of a special mining plant, many switch- 
board design layouts, building plans, etc. In this class fall 
most cost data. In such cases the uncertainty of the exact 
determining conditions of the particular reported case on the 
part of a distant engineer and the fact that these particular 
design conditions will rarely be repeated makes such inform- 
ation of relatively little general value. From this analysis it 
will be seen that only information of class (a) or class (b) 
would be of sufficient general utility to interest the Engineering 
Data Sub-committee of the Institute. 

But in addition to the fact that there are many potentially 
available data that would not be valuable if collected, there 
are a number of other distinct limitations as to what material 
is practicable or desirable for an Institute committee to collect. 
Among such limitations are the following: 

1. No data should be collected that are already available 
in satisfactory and convenient form. 

2. No data should be given out with the approval of the 
Institute, about which there is not a general agreement among 
the best-informed engineers. 

3. No data should be given out for advertising any commer- 
cial apparatus or individual. 

4. It will usually be impracticable to collect data when the 
information is intimately connected with the private affairs 
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of a company or where it would reflect adversely on the ability 
or judgment of the engineer in charge. 

9. All information must be presented in such a manner as 
to make a clear distinction between the opinions of members of 
the committee or other engineers and actual fact data. 

To summarize, it appears that information can be most suc- 
cessfully collected by the Engineering Data Sub-committee 
where the data sought are such as to apply in a large number 
of cases which are alike in their general underlying conditions 
and hence are of general utility; where the data are of such 
nature as to be readily given by engineers having the information 
and are at the same time capable of definite presentation to 
the Institute. Each subject proposed for consideration must 
be taken on its own merits. 

The high-tension transmission data which the committee is 
now collecting are good examples of data of the desirable type. 
This line of information seems practicable to collect, definite 
and generally useful. When the committee has completed 
the collection of available data this information will be ana- 
lyzed and correlated for publication. 

Other possible subjects for the'similar collection of data are: 
the use of current-limiting reactance coils; the use of synchron- 
ous power factor, regulating apparatus; methods of locating 
grounds in cables; clearance lines on electric locomotives (but 
this is more properly the work of some of the railway associa- 
tions), methods of erecting towers in transmission lines, high- 
tension insulation, electric drive in stecl mills, etc. 

The natural instigation on which the Engineering Data Sub- 
committee will initiate the collection of information on any 
particular subject wil perhaps be through the suggestion of 
Some person or persons seeing clearly the need for this inform- 
ation and confident of the practicability of securing it. Very 
often in such cases the collecting of the data desired may, how- 
ever, not appear feasible to the committee. 

When data bearing on some particular subject have been 
collected, as for example transmission line construction, the 
problem arises how to offer them to the membership. Such 
data may be in considerable volume and will contain many 
drawings. The expense involved in a complete reprinting of 
the data would be considerable, but a still greater objection 
exists in the fact that the data undigested and unanalyzed would 
be very difficult to use. The views of the membership are re- 
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quested on this matter, both as regards data in general and 
more particularly as regards the high-tension data now in hand. 
The following questions are pertinent: 

Shall the Institute assume the whole cost of publication? 

Shall the data be sent to all the membership, in the PROCEED- 
INGS, and in the TRANSACTIONS as well? 

Shall drawings of towers, insulators, switching arrangements, 
etc., be reproduced? 

Shall the names of the companies be attached to their individual 
replies? 

Shall the data be published in book form as was done in the 
case of the high-tension data collected ten years ago? 

What position shall the Institute take as regards any assump- 
_ tion of approval of the data collected? | 

It is clear from the many questions arising when specific 
and concrete plans are considered for the collection and presen- 
tation of engineering data, that the scope of the work of the pres- 
ent committee must be an evolution continuing through years. 
We must work out each case as it comes along and the final result 
will shape 1tself. 

The problem of collecting and presenting exact data, formulas 
and physical constants as outlined under (a) above, is another 
matter and comes more naturally under the handbook com- 
mittee, of which Mr. Pender is chairman, and will not be here 
discussed. 
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Discussion ON “‘NOTES oN OIL Сікссіт BREAKERS FOR LARGE 
Powers AND HiGHg PorENTIALS" (RANDALL), VANCOU- 
VER, B.C., SEPTEMBER 11, 1913. (SEE PROCEEDINGS FOR 
OcTOBER, 1913.) 

(Subject to final revision for the Transactions.) 

L. G. Robinson: It seems to me that the subject of circuit 
breakers has been handled in a very masterful manner. The 
principles underlying the operation of the circuit breaker I agree 
with perfectly. The use of circuit-breaking devices dated back 
to the time when we used direct current almost entirely; it was 
found after the introduction of alternating-current circuits, that 
as the voltage of a circuit gradually increased, due to the neces- 
sity of longer distance in transmission and heavier loads to be 
carried on the circuits, that the more abrupt the opening of the 
circuit the better. Dr. Steinmetz some years ago published 
іп the Institute PROCEEDINGS a very exhaustive treatise upon the 
effect of opening circuits abruptly, especially alternating-current 
circuits, and he uscd mathematical demonstrations and deduc- 
tions to show what the effect would be in regard to oscillations 
caused by this sudden rupture of the current. The keynote of 
his deductions or summary was that you cannot open a circuit 
too abruptly for the reason that as soon as the current goes to 
the zero point in the wave form it is unable to re-cstablish itself 
and dies out naturally in the vibration. 

However, as we get into voltages of more recent times ranging 
from 60, 000 to 100,000 volts and more, there is introduced the 
great difficulty of acquiring switches and circuit breakers which 
will operate in a sufficiently short time as cited in this paper. 
The ponderous nature of switches for such voltages make it 
almost impossible to move them with sufficient rapidity to inter- 
pose that gap in the required time. And if it were possible to 
move them we would then be face to face with another condition 
of stopping them gradually and not causing any breakage or 
` damage. 

Some seven or eight years ago in the design of the preliminary 
plans for another transmission system than the ones mentioned 
I felt that it was necessary to devise some kind of a mechanism 
which would accomplish the result of interposing this gap with- 
out having to use such a ponderous piece of mechanism, and it 
occurred to me that the use of several gaps in series, opening 
simultaneously, would accomplish this purpose. I am sorry 
now I have no experiments to point to, nor measurements from 
which we can gain further knowledge of the subject, but it seems 
to me that, from purely an academic point of view, we might be 
able to draw some deductions from the consideration of the feat- 

ures just now suggested. 

We are all familiar with the distribution of the voltage in an 
arc—the general curve of distribution of voltage in an arc. At 
each terminal there is a rapid drop of voltage, and the interven- 
ing space between the short distance from each terminal to the 
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other terminal would be a gradual drop, it is less steep then 
near the terminals. Now, good sense would denote that if we 
interpose two gaps where we formerly had one we would take 
advantage of the stcep drops at the terminals at twice the num- 
ber of points which we would in the first instance. Going several 
steps further and introducing as many gaps as may be found 
necessary by experiment, we might introduce 16 or 20 gaps for 
extremely high voltages and secure thereby a very steep curve 
of distribution of voltages across the opening. The total sum- 
mation of the openings between these several openings and series 
need not be as great as one single opening of a single contact, 
for the reason just cited, namely, the distribution of the voltage 
across the opening. 

The maximum movement which would be provided for the 
operation of such a series of openings, could very well be small, 
and the switch would operate with a verv short throw so that 
the momentum gained by the moving parts need not be as great 
as when you have one or two breaks with longer motion. 

I do not think that I have discussed this matter with more 
than опе or two men in the electrical engineering business, but 
every person with whom I have discussed it has signified his 
desire to sce some such matter tried, and I would be very grate- 
ful indeed, if any one of us was in a position to attempt such 
experiments, if they would do so for the benefit of the engineer- 
ing fraternity. 

John B. Fisken: "There is one point which strikes me in con- 
nection with this proposition of using reactance in connection 
with the breakers. Before I come to that I might ask whether 
the opening of the main contacts necessitates the opening of the 
reactance contacts, also, is it possible under this arrangement for 
the main contacts to open in a momentary effort which would 
clear itself and leave the reactance contacts closed? The other 
point I wish to raise is this: The oscillograph record of Fig. 4 is 
taken from opening a breaker on 12,000 volts, and 16,000 amperes, 
and shows practically no resonance. Now, what is going to 
be the effect if we introduce the reactance as proposed on a 
switch having 200 or 300 miles of line at 60,000 to 100,000 volts, 
where this reactance 15 in series with the capacity of the line? 
I think that the oscillograph record would be very different from 
that shown in Fig. 4. 

W. H. Fraser: This method I believe was first tried by the 
Canadian Westinghouse Company with the type of switch used 
at Niagara Falls. In this case the arrangement was only tem- 
porary, and in place of a reactance, a resistance was used when 
the switch opened. 

Certain points might have been more definitely brought up 
in the paper as to the circuits on which this type of switch ought 
to be used and the amount of reactance which should be intro- 
duced. 

Another point which ought to have been referred to on this 
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subject is,—What is the breaking capacity of an oil switch? 
This depends upon so many variable quantities, such as the | 
ume setting of the relays, the type of circuit, and the capacity 
of the generating equipment, that some definite remarks might 
have been made in the paper in order to cover conditions which 
vary according to each individual system. It would appear 
that if the main and the auxiliary contacts in this switch were 
both operated by one mechanism, sufficient time lag would 
not be introduced between the operation of the two contacts in 
order to allow the reactance to come into play; but Mr. Miller 
may be able to give more definite information in regard to this. 

At present, we have two companies developing oil switches 
along two entirely different lines; one company developing a 
switch which introduces a reactance, while the other has devel- 
oped a switch where the auxiliary contact is broken inside an 
explosion chamber placed in the main body of the oil. 

With reference to Mr. Robinson’s remarks, the type of switch 
suggested by him might be conveniently arranged for outdoor 
work but would be totally unsuitable for indoor work unless 
considerable expenditure was incurred to provide buildings of 
sufficient size. 

C.F. Terrell: Inreading Mr. Randall’s paper I was very much 
interested in this type of circuit breaker discussed therein. This 
reactance breaker appears to be a solution of the problem of 
taking care of short circuit conditions on systems with heavy 
transmission lines and large generating capacitv. I aek Mr. 
Miller if this type of breaker is in use in very many plants at 
the present time, and what results have been obtained during 
the time that they have been in service? 

Vladimir Karapetoff: This paper must be taken as merey a 
description of something that has not been thoroughly tried in 
practise, and we ought to be cautious and not to be too quick in 
adopting these switches. I do not wish to pour cold water on 
any innovation offered, and no one more than mysclf appreciates 
the splendid work done by our different manufacturing companies 
in developing new types of apparatus, but we all know how large 
operating companies had to suffer and are suffering now from 
the results of quick adoption of something new. We have had 
many “patent medicines" offered us, and with a patent medicine, 
the effect is usually exhilarating at first and the reaction comes 
in much later. However, those who are in a position to try these 
breakers in proper quantities might do so. I am told on good 
authority that such breakers are prescribed for the new Los 
Angeles aqueduct, so that you people on the Pacific coast will 
probably hear about their action. Unfortunately it mav be 
` two or three years before a real conclusion can be reached as to 

their effect. It is also possible that the reactance contacts will 

€ disconnected at any time and the switch operated just as an 
ordinary switch. 
My first question, of course, was like that of one of the preceding 
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speakers—is it possible to open the main contacts and not open 
the reactance contacts? But very little reflection will show that 
this is the only possible way, because the reactance is very small— 
I mean the size of the wire—and it 1s incorporated with the switch 
to carry a load for a small fraction of a second, so that it is im- 
possible to carry the line current over it; once the main contacts 
are open the reactance contacts will be also open a moment later. 
Some years ago the large operating companies and distributing 
companies, mostly in the east, were driven to the necessity of 
using reactance coils in series with their generators—the neces- 
sity for protecting the generators against heavy short circuits; 
of course it is not an ideal solution to have a ballast on your line 
all the time and I use the word *''ballast" advisedly, because re- 
actance acts as inertia, so it consists of ballast. Probably I am 
not the only one who thought that such a reactance ought to be 
introduced into the circuit only in the time of need, but whenI 
spoke to operating engineers they very clearly explained to me 
that it 1s impossible, that the time 1s too short, that when the 
reactance is needed it must be there; further it must be in the 
circuit all the time. But somehow I could never reconcile myself 
that this was anecessity, and Iam exceedingly pleased to see how 
this particular company handled the subject and said “по, it is 
possible to introduce reactance at the moment of the need, and 
not have the ballast there all the time”. 

Now, some criticism has been made in regard to the oscillo- 
grams ‘appended to this paper. For instance, Fig. 2 probably 
is entirely self-evident to the writer of the paper and to those 
who are familiar with this particular branch of the work, but I 
must confess I do not understand it; neither do I understand 
very clearly the meaning of Fig. 4, and I should like very much 
if Mr. Miller would be kind enough to explain it to us as if we 
were absolutely ignorant as to what it means. The zero line 
here is at the center, and there is current marked number 1 and 
number 2; all these things are not self-evident, and I think we 
ought to put aside our pride and just ask what all this means. 

A. A. Miller: I wish to make an explanation of the conditions 
under which this paper was submitted to me for reading. I 
do not profess to be sufficiently expert in the design, operation 
or analysis of circuit breakers to pose as being able to answer all 
these questions. Mr. Randall nominated me to read his paper, 
and he gave me no explanation of the oscillograms regarding 
which Prof. Karapetoff has asked for explanations, so I am some- 
what at a loss to answer some of the questions. 

With respect to Mr. Fisken's question as to the reactance 
contacts necessary to opening the main breaker contacts. I 
think Prof. Karapetoff has answered that; the contacts would 
open together mechanically; the main contact starts to open, 
the reactance contact necessarily must follow. As to the matter 
of voltage rise due to the introduction of reactance, Mr. Randall 
states in his paper he does not know of any tests that have been 
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made in which oscillograph records have been taken under actual 
conditions; there is a voltage rise at the moment of disruption 
of the circuit. I have an oscillogram here in connection with 
some technical data. The test was made in connection with an 
88,000-volt, 60-cycle three-phase circuit breaker of the reactance 
type; the voltage surge at the moment of completely opening the 
circuit shows some rise but not as much as one would expect. 
I do not believe, however, this test was made with any such ca- 
pacity as represented by a long transmission line, so in that sense 
it does not answer your exact question. 

With respect to Mr. Fraser's question as to the limit of re- 
actance—that is, how much reactance would be inserted in each 
circuit, depending upon the reactance of the apparatus con- 
nected to the line—I am not able to state. 

The time lag existing between the opening of the main contacts 
and the secondary contacts or the reactance contacts is pretty 
well shown in Fig. 4. The curves as shown here (Fig. 4) were 
obtained in tests run primarily to determine circuit breaker 
characteristics. They are typical curves taken on one phase 
of a 25-cycle, three-phase, 12,000-volt circuit, the reactance 
breaker being equipped with an instantaneous trip. The short 
circuit occurs at А; at B the main contacts opened, cutting in 
the reactance. This reduced the current, as is shown by the 
markedly reduced amplitude of the current wave; and at C the 
reactance contacts opened clearing the circuit. It is seen there 
is no noticeable voltage surge in the voltage curve at the point 
corresponding to time C. The opening of main contacts on 
this breaker occurred in about 23 cycles (about 0.10 second) 
and the circuit was cleared in about 5 cycles (0.20 second). 

The voltage curve 2 (Fig. 4) is across the contacts of one main 
pole of the breaker, hence the voltage does not appear (at the 
left of the oscillogram) previous to the appearance of the cur- 
rent in curve 1. 

It will be noted that the reactance reduces the current from 
about 16,000 amperes to 3000 amperes or something over a 5 to 
] reduction. The final break 1s made with a smaller current, 
thus reducing the possibility of a voltage rise. 

When meeting these conditions of limited voltage rise, the 
reactance breaker can clear the circuit in a shorter time than the 
single step form of breaker. The work 15 done in two steps— 
and although the first step produces the greatest reduction of 
current, it really makes a very small disturbance inasmuch as 
the rate of change is comparatively low. The second step will 
therefore have but a small proportion of the initial current to 
break, which is:a small proportion of what the single step form 
of breaker would have. The single step breaker makes an in- 
finite rate of change in cutting the maximum flow instantly to 
nothing, and therefore produces the maximum of potential surge. 
When the first step of a two-step breaker acts, it still leaves a 
closed circuit in which the stored energy of the apparatus and 
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svstem will dissipate at a relatively slow rate; whereas in the 
single step breaker this energy has to be absorbed instantly or 
is dissipated in destructive arcing under oil. 

The reactance coil units for circuit breakers up to 22,000 volts 
consist of опе well-insulated coil for cach pole mounted in the 
expansion chamber of each pole on substantial treated wood 
strain insulators. For breakers from 25,000 to 110,000 volts 
the construction of the reactance coils 15 similar to that of high- 
tension core tvpe transformer coils. "These coils are substantially 
mounted and are completely submerged in oil. 

The ultimate breaking capacity rating of a circuit breaker is 
expressed in terms of the total normal rated capacity of generat- 
ing and synchronizes apparatus on the circuit on which the 
breaker is used, and this rating therefore varies with the con- 
ditions that may limit the short-circuit current. In defining 
this breaking capacity the breakers are considered to be con- 
nected direct and close to the source of power and the rating is 
based on automatic instantaneous overload tripping in connec- 
tion with generators having approximately 8 per cent inherent 
reactance and having the maximum rated voltage applied. Any 
departure from these conditions will change the relative rating. 
When the breaker is used non-automatic or with a definite time 
element of two seconds or more, the ultimate breaking capacity 
will be doubled. This is because alternating-current generating 
apparatus will develop on the first few cycles immediatelv follow- 
ing direct short circuit, from five to fifty times full load current, 
limited only by the inherent reactance of the apparatus itself. 
The tendency of the short circuit current is to decrcase after 
the first few cvcles until at the end of one or two seconds it 
reaches but two or three times full load current. "This value 1s 
known as the “sustained short-circuit current” of the apparatus. 
The rate of decrease varies with the different forms of machine, 
even with those having the same maximum and sustained short 
circuit current. Ав can be seen from this, the amount of current 
interrupted by a breaker tripping on short circuit, depends upon 
the time elapsed after the short circuit at which the breaker is 
tripped. Therefore the instantaneous relay trip breaker oper- 
ates under more favorable conditions of current interruption 
than the instantaneous direct trip breaker. The relay trip 
breaker opens the circuit at a later time than the direct trip, 
and the current interrupted is therefore less. All reactance 
added between generator and breaker will increase the breaking 
capacity in direct proportion. If the generator has an 8 per cent 
inherent reactance and the lines and intervening transformers 
have also 8 per cent reactance, the breaking capacitv will be 
doubled. 

As to Mr. Terrell's question as to what installations of react- 
ance type of breakers have been made, I am unable to answer, 
other than that certain breakers have been built and installed; 
where and how many I don't know. I know the type has been 
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developed within the last eighteen months or two years. "That 
last remark also is a sort of reply to Prof. Karapetoff's statement 
that he considers it rather dangerous to launch forth too rapidly 
—for operating companies to launch forth too rapidly—in the 
adoption of comparatively untried apparatus. Of course the 
manufacturing company is placed in the position of having to 
depend on the use of its product by operating companies, and 
it is in connection with the results obtained under actual opera- 
ting conditions that we learn; so someone has to be the “victim,” 
but we try to limit that as far as possible. 

With respect to the use of power limiting reactance, I think 
the original condition which brought about the apparent neces- 
sity for apparatus of this sort was the tremendous short circuit 
currents which developed where very large generators are used. 
The immediate effect of such a short circuit is apparent 1n the 
destruction of end windings of the generators. It was an easier 
matter to introduce power limiting reactances than to rewind a 
great number of machines, which involved in itself a large ex- 
penditure of money. 

With respect to the oscillograms of Fig. 2 I have made a study 
of them and possibly can throw some light on them. The two 
halves of the oscillogram must of course be considered together. 

Observe that the upper and lower oscillograms of Fig. 2 are 
to be considered together as showing what happened at the time 
of making this test. The connections used were very simple 
and consisted of a three-phase line, 12,000 volts, 25 cycles, lead- 
ing to the breaker illustrated in Fig. 1. On the load side of this 
breaker a short circuit was established and the oscillograph so 
connected as to record the current flowing in lines 1, 2 and 3. 
The upper half of Fig. 2 shows current in lines 1 and 2 and the 
voltage between lines 2 and 3. The lower half of Fig. 2 shows 
the current in line 3, and the voltage between lines 1 and 2 and 
land 3 lines. The voltage connections were made on the line 
side of the breaker, such that after the rupture of the arc the 
line voltage record continues to the end of the oscillograms. 
The arc voltage established between contacts would thus be the 
voltage across two arcs in series for any phase considered. Ву 
careful observation the half cvcle existing between the end of 
the zero line of number 2 voltage, at the middle part of the oscil- 
logram, and the end of number 1 current, can be seen in the upper 
oscillogram, but the half cycle is not thus apparent in the lower 
oscillogram, although I am advised by Mr. Randall that this 
was plainly shown in the original oscillogram. 

It may be added here that it is preferable that the current 
die out along its normal wave shape, as in this way the minimum 
of energy will occur, while with an abrupt interruption, the 
resultant potential may be very high. 

V. Karapetoff: I wish to mention something that I read just 
a few weeks ago, a short note on some work done abroad. They 
superimposed a high-frequency current upon the current to 
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be opened so as to obtain many more zero points than is possibel 
on the normal frequency. Just imagine an ordinary sine wave, 
and superimpose upon 1t a sine wave of much higher frequency, 
now add the two curves; you can easily see that the resulting 
curve will have many more zero points than the original low- 
frequency curve; in other words you have to wait, say 1/120 of 
a second, at 60 cycles, until you get to zero; but when you super- 
impose the high-frequency current upon the line current then 
the instant will come much sooner at which the superimposed 
current is equal and opposite to the line current; so that you 
offer the arc many more chances to be extinguished within a 
shorter interval of time. I do not know how this high-frequency 
current 15 produced and how far it is possible to apply it for 
commercial purposes, but I think the idea 1s quite original and 
logical. * 

I wish also to state, in regard to the advisability of using this 
new proposed type of circuit breaker, when a low-frcquency 
traveling wave or surge comes to a substation, Prof. Steinmetz's 
investigations show that it is these traveling low-frequency surges 
that arc most destructive to the apparatus, for the reason that 
they carry the largest amount of energy in them. Now, then, 
I should like to know if it 1s not harmful to open the circuit too 
quickly when you have a traveling wave coming into it? Be- 
cause that large amount of energy— which is not a fluctuating 
energy, but a fairly constant amount of energy—when it comes 
something has to dissipate it, or else, as my mechanician says, 
"something will have to go". 

Ford W. Harris (by letter): It 15 known that the older designs of 
oil circuit breaker are violently explosiveattimes. Quantiticsofgas 
form in the tanks, which are ruptured or blown entirely off. This 
extreme condition is not always met on heavy short circuits and 
is of variable magnitude. The gas cannot be entirely explained 
in some cases except upon the supposition that the contacts failed 
to separate entirely or at least separated slowly. Опе reason for 
this is to be found in the fundamental design of most of the old 
style breakers as shown in Fig. 1. In this design we have a tank 
1 which is tightly secured to a support 2 through which an opera- 
ting rod 3, generally of wood, passes, this rod having an area of 
from one to two square inches. The rod 3 has a sliding packing 
washer 4 to make a tight joint where it passes through the sup- 
port 2. The tank and the support form an only partially vented 
chamber. The rod 3 is moved downwardly to separate the mov- 
able contacts 5 and the stationary contacts 6. Immediately 
thereafter a gas explosion takes place in the tank, producing a 
pressure which in extreme cases may reach fifty pounds to the 
square inch and exert an upward force of from fifty to one hundred 
pounds upon the rod 3. This is because the rod is to all intents 
and purposes a plunger and behaves exactly like the plunger 
ofa pump. Generally there are three poles to an oil circuit breaker 
and a total upward pressure of as much as three hundred pounds 
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may follow such an explosion, this pressure tending to close 
the breaker, reestablish the arc and make more gas. 

As such breakers usually open by gravity with an impelling 
force of not over fifty pounds it is not hard to see why they are 
blown partially closed and why the arc holds on and the breaker 
is destroyed. 

.. The resistance breakers shown in Fig. 3 of Mr. Randall's 
paper were the first thing of this kind ever attempted on a 
large scale. Seven of these breakers were installed in the 
Long Island Station of the Pennsylvania Railroad. I am 
glad to note that Mr. Randall calls this a successful form for it 
was my impression that these breakers were only very moder- 
ately во. They were designed to goin the space taken by old style 
breakers of conventional design and to be interchangeable with 
them as far as bus construction, compartments, etc., were con- 
cerned. The problem of putting a 
resistance insulated for 11,000 
volts 1n the same space as that 
required for a pair of contacts 
wasahard one. The amount of 
resistance material was limited 
and the insulation very difficult. 

These breakers were tested re- 
` peatedly on dead short circuit 

and stood up perfectly on such 
tests, where conventional break- 
ers had repeatedly failed. "They 
do not represent, however, a fair 
test of the resistance principle, 
although the fact that they held 
up at allis rather a vindication 
of that principle. 

There is no question that re- 
actance breakers are an improve- 
ment over the forms which were 
standard five years ago, but a 

Fic. 1 great deal has been said and 

| written about their virtues which 

will not stand the test of critical examination. For example, 
take Fig. 4 of Mr. Randall's paper and the note immediately 
beneath it. I do not suppose that Mr. Randall means us to 
Infer that there is some particular virtue in the reactance that 
has reduced the current from 16,000 amperes to 3000 amperes. 
Аз a matter of fact the first wave of current measures 16,000 
amperes but this is very much unbalanced and really represents 
a balanced current of about 11,000 amperes. This current has 
died down to approximately 8000 amperes unbalanced or about 
6000 amperes balanced in the wave just preceding the zero B. 
Now from А to B the breaker has been wholly closed, as shown 
by curve II, which shows the zero voltage across the terminals of 
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the breaker. This reduction from 16,000 amperes to 8000 am- 
peres unbalanced or from 11,000 to 6000 amperes balanced is no 
more than the natural dying down of the circuit due to generator 
characteristics and would occur on any breaker that remained 
closed for one-fifth second after the short circuit occurred, as most 
of them would. There is thercfore no special virtue in the resist- 
ance breaker during this period. The reactance was inserted by 
the opening of the main contacts on the wave just before the 
point B is reached. The current was reduccd from about 6000 
amperes balanced to 3000 amperes balanced at this point. "The 
reactance was in circuit from B to C with a very slight decrease 
in current, and the circuit was opened at C by reducing the cur- 
rent from 3000 amperes to zero. In other words the current 
fell, due to generator characteristics, from 11,000 ampcres to 
6000 ampcres, the main contacts reduced the current 3000 
amperes and the auxiliary contacts cut off the remaining 3000. 
The advantage of the reactance breaker then lies in taking two 
bites at the circuit and not in any marvellous reduction due to 
the reactance. 

Now in my opinion, leaving aside constructional details, a 
resistance is theoretically superior to a reactance for this 
purpose on account of the conditions on the final break. It 
is not generally appreciated that an arc of several thousand am- 
peres and from one to twelve in. (2.54 to 30.4 cm.) in length may 
be maintained in oil with a drop of a few hundred volts provided 
there is sufficient steadving ballast in the circuit. If it were 
possible to experiment with a direct current of five’ thousand 
amperes at ten thousand volts it 1s almost certain that four arcs 
each six inches long could be maintained in oil indefinitely, the 
drop across the four being about one thousand volts, the other nine 
thousand volts drop taking place across the generators, wiring etc. 
Such direct-current arcs would be quite stable, and alternating 
arcs are nearly as stable except that they do not readily re- 
establish themselves. Of two alternating arcs fed from the same 
source and each carrving the same current and having the same 
drop in voltage, the one in which the ballast is largely inductive 
will be the most stable This 1s a matter of common knowledge 
to arc lamp enginecrs and applies exactly to the oil circuit breaker 
problem. For that reason I believe that theoretically the resist- 
ance breaker 15 superior to the reactance breaker, although both 
are a step in advance. 

Mr. Randall is undoubtedly correct in stating that reactance 
breakers may be designed that will take care of any condition 
that can be met, but it is also true that resistance breakers can 
also be designed which will be fully or perhaps more efficient 

I am not, however, sure that it is necessary or desirable to go 
to either. The conventional designs are much simpler and it is 
my opinion that a multiplicity of ordinary breaks in a properly 
designed chamber will be found adequate to open any existing 
circuit. Such breakers would be manifestly cheaper to build. 
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DiscussioN oN “А MODERN SUBSTATION IN THE COEUR 
D'ALENE MINING District " (FISKEN), VANCOUVER, B.C., 
SEPTEMBER 11, 1913. (SEE PROCEEDINGS FOR SEPTEMBER, 
1913. 

) (Subject to final revision for the Transactions.) 

W. V. Hunt: I have listened with great interest to the paper 
read by Mr. Fisken, and I was particularly interested in the 
design of a substation that could, if necessarv, become a portable 
substation, inasmuch as it could be moved to another district. 

I think in some cases we might go further with the design of 
substations with that idea in view; we have some substations 
that are more portable than that, as they are built on standard 
railroad cars, and we can take them around on our system, and 
I think this idea might be extended to some mining districts, 
keeping the capacity of the substation within reasonable limits. 
We may adopt a substation on the lines of the one developed by 
Mr. Fisken in some districts adjacent to Vancouver. 

Frederick D. Nims: I have talked this subject over with 
Mr. Fisken considerably during the last vear or two, and I 
think his station and one that we might build would be very 
much along the same lines; I think there are a few points that 
we cannot agree upon, one being that he leans a little bit too 
much to three phase transformers. Im putting in a station 
such as he describes, with three 650-kw. three-phase trans- 
formers, personally I would prefer to put in transformers of a 
slightly higher voltage, connecting them in delta, having an 
opportunity of running open delta with one transformer dis- 
connected, if the occasion should arise. This, is merely a 
difference of opinion. 

I ask Mr. Fisken to what capacity he thinks it 1s possible 
to carry the automatic idea. Personallv, I do not see any reason 
why it should not go as far as you like. Also, from the illustra- 
tions, it would appear that a single circuit of 60,000 volts goes 
into the substation. From what distance does that single 
circuit run over a double circuit line, or to what extent 15 the 
station dependable on a single circuit, in miles? 

I have scen the water relay and it is very ingenious indeed, 
but the comment which I made to Mr. Fisken is, I think he 
has gone a little bit too much to automatic devices and not 
left quite enough to the man who goes around to look after the 
station. 

W. Fraser: I believe that the use of portable substations or 
semiportable substations will become more usual in the future 
than it has been in the past. The cost of operation 1s actually 
reduced and I think that is what all companies are trving to 
accomplish at the present time. 

Mr. Fisken did not give us the type of the lightning arrester, 
nor state whether they are charged bi-weckly or daily; I expect 
it is daily charging, however, because it seems that a patrolman 
is on the scene, and therefore it might be convenient to charge 
them daily. 
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I think the features of the daily over the bi-weekly charging 
warrant the installation of the daily charging arrester. 

C. F. Terrell: I rather question the use of water-cooled 
transformers for this class of service; the use of self-cooled 
transformers means a higher first cost, but on the other hand 
gives greater simplicity: and reliability, freedom from troubles 
that attend equipment for supplying cooling water, and it 
would probably be possible to have the substation inspected by the 
patrolman at less frequent intervals. 

L. G. Robinson: The improvement of the automatic sub- 
station is undoubtedly going to be a great boon to the railway 
men who have the electrification of trunk lines at heart. 

А great deal of fault was found with the high cost of elec- 
trification of trunk lines, and a good deal of that high cost is 
due to the permanent nature of the substations which have to 
be built for the purpose. Many features were responsible 
for this high cost of permanent stations, and principally among 
them were the idea of continuous service and substantial con- 
struction for the high factor of safety recommended by Prof. 
Karapetoff—a high factor of safety of course is always accom- 
panied by heavy and expansive construction—and I think we 
can all admit that a high factor of safety 1n regard to automatic 
substations can be attained with the acquirement of these 
automatic features. The station does not have to be built 
upon heavy lines, of solid concrete; the B. C. Electric Railway 
Company have succeeded in building a substation which can 
be carried about on wheels, and Mr. Fisken has succeeded in 
building a substation which can be moved about at a minimum 
of expense. Together with this comes the idea of automatically 
cutting out faulty lines in order that operation may go on 
uninterrupted. That, I believe, up to the present time has 
been considered an impossible feat. I know that companies 
with which I have been connected years before this have operated | 
under great difficulties from this particular feature—they 
have not been able automatically to cut out high-voltage trans- 
mission lines. 

I agree with Mr. Nims that a good deal of responsibility 
should be placed upon the operator, and we must depend upon 
his “ personal equation " so to speak; when the operator finds 
difficulties there usually is a time element sufficient for him to 
make up his mind whether he will hang on or cut loose, and 
that, as a rule, in the past has been the safest procedure—his 
balancing the cost of interruption against the cost of damage 
from hanging on. 

J. A. Lighthipe: Are you attempting to use telephone trans- 
formers between your high-tension line and your telephone? 
We have in Los Angeles two portable substations of 750 kv-a. 
. capacity, on a heavy 15-ton truck, and we pull this truck all over 
the country roads, sometimes in the case of emergency with an 
automobile truck; it has been of the utmost service to us 
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in helping out some of our substations with burned out trans- 
formers. It is also very valuable for conventions and illumina- 
tions and things of that sort, where there is for a short time, a week 
perhaps, a very heavy illuminating load on a certain portion 
of the town where it 15 not provided for, except with high 
potential loads. 

A. A. Miller: This matter of automatic substations is attract- 
ing an increasing amount of attention. Some of you have 
undoubtedly read the paper, which was presented by Mr. 
Summerhayes at a comparatively recent meeting of the Institute, 
which paper appears in the June, 1915, PROCEEDINGs, describing 
an automatic synchronous converter substation used in the 
city of Detroit. That station has in it apparatus which is 
occasionally looked upon as being somewhat difficult to operate, 
but notwithstanding these difficulties, the automatic starting, 
synchronizing and adjusting are said to be successfully accom- 
plished, and the synchronous converter made to carry its proper 
share of the load; all of this being done by means of the single 
alternating-current circuit provided for supplying power to the 
substation. 

It is reasonable to predict that a somewhat extensive effort 
wil be made to perfect automatic apparatus, and to weed out 
any defects that may exist, which are only to be discovered by 
continued use and diversified application, and after the re- 
liability of the equipment and the practicability of the idea are 
thoroughly established, we can rationally expect considerable 
use of automatic substations. 

There may come a time when such substations will be used 
in railway trunk line electrification, but the reliability of the 
assembled parts, working as a whole, must be pretty thoroughly 
demonstrated before we can expect such application. 

Portable railway substations have been successfully used 
for some years. They involve, in nearly all instances, alter- 
nating-current transformers, for reducing to the proper voltage 
for the rotating equipment required for direct current, generally 
of 600 volts potential. Sometimes synchronous converters are 
used in such portable substations, and sometimes motor gen- 
erator sets, depending upon the individual preferences of the 
engineer selecting the equipment and the exigencies of the 
particular application. I believe that portable alternating- 
Current power substations, both single-phase and polyphase, 
can be used to great advantage by many power companies. 
The field for such outfits is surely enlarging rapidlv, and the 
moderate voltage transmission lines, or more properly termed, 
Intermediate voltage distributing lines, are now penetrating 
many farming and agricultural districts, a class of business 
not particularly sought heretofore. The result is an increasing 
number of relatively small substations, the total weight of the 
apparatus involved being no unwicldy amount. Many of 
these substations are of the outdoor type, and the form of 
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construction used makes it possible to provide for easy dis- 
connection of the permanent apparatus, and the quick sub- 
stitution of a portable equipment. It seems to me this idea is 
entirely practicable, and that the portable alternating-current 
substation 15 bound to become a very handy tool for the power 
companies. 

R. W. Pope: In speaking of the developing of automatic 
stations and machinery, it occurs to me that a recent law of the 
state of Washington requiring an additional man at substations 
might stimulate the invention of automatic devices so that 
instead of one man there would be no man in attendance. 

In visiting a station of this kind attended by one man I 
happened to glance at the instructions for resuscitation and the 
name of the nearest doctor to be called, and it occurred to me 
that, possibly, was one of the reasons why the law was being 
agitated requiring a second man to be in attendance—in case 
of the disability of the other one. 

The development of the automatic telephone system, I 
think, is one that might be well studied. Of course the conditions 
are entirely different. Another instance is the automatic 
block signals of the railroad companies. Тһе manual system 
has to a large extent been displaced by the automatic, it having 
been found that the latter is particularly reliable compared 
with the attendance of an operator. 

R. F. Hayward: The question of the design and operation 
of transformer substations for large high-tension distribution 
systems 1s of verv great importance on the Pacific Coast, where 
wages of operators are very high. 

Where operators are employed in transformer stations, 
it is generally necessary to employ three shifts, and often, as 
a matter of personal safety, a second man on a shift is employed. 
If this sort of thing were done for anvthing but large and im- 
portant transformer stations, it would run up the operating 
costs of the distributing svstem so much that no profitable 
business could be done in a scattered district. 

The time was when current from 2000-volt lines was served 
to customers through the medium of transformer stations, 
but now outdoor transformers are in very general use on 12,000- 
volt distributing svstems, which are operating with as much 
ease and economy as the older 2000-volt systems. Consumers 
are connected at anv point on a 12,000-volt line, through the 
medium of 12,000-volt transformers placed on poles. 

It is only a step from 12,000 or 20,000 volts to distribution at 
60,000 volts in much the same manncr. | 

The tendencv at the present time is to treat the transformer 
as part of the line, and 1f 60,000-volt transformer installations 
are devcloped along the lines of Mr. Fiskin's design, I do not 
think it wil be very long before a 60,000-volt distribution 
system can be tapped for service at any point where the demand 
mav occur. The only difference between 60,000-volt and 12,000- 
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volt installations will be that the units dealt in will be larger 
in the former than in the latter. 

“Тһе demand for the supply of power to mines and smelters 
has been one of the principal causes of the rapid development 
in long distance transmission during the past fifteen years. 
The exacting requirements of the power supply for these pur- 
poses have taught operators their most important lessons in 
giving continuous service. 

But of all the lessons learned in the West, the greatest seems 
to me to be that mechanical strength in line construction, 
and simplicity of arrangement of switches and connections, 
will go much further towards continuous service, than duplica- 
tion of lines, switches and transformers with complicated 
connections. 

Simplicity of connections—whether it be in the generating 
station, transmission line, or transformer station and distributing 
lines—is, I believe, the keynote to success in giving continuous 
service. 

V. Karapetoff: This question of delta versus Y connection 
seems never to lose its interest and it is one of these questions 
that I do not believe will ever be settled because the conditions 
of operation are changing, and the apparatus, the safety, and 
the reliability desired are also changing with the progress of 
the art. Personally, I believe that this connection—delta—Y — 
probably with considerable impedance between the neutral and 
the ground is a condition that is applicable to a great many 
transmission systems, notwithstanding I have found svstems 
that operated delta delta or Y Y, and I should like to hear 
-some expression of opinion from those who have the most 
recent experience as to how the matter stands now. | 

Mr. Fisken mentions an automatic device for indicating 
when the fuse wire blows out. Some vears ago I was connected 
with a large transmission company in the cast and we had 
this trouble. Some branch lines on a 60,000-volt circuit were 
protected by copper fuse wires about 16 ft. (4.8 m.) long, placed 
in rubber tubes, and at night one of these wires would blow, 
and a little town or factory would be without light or power 
and the question was put to me to find some kind of indicator 
that would notify the nearest patrolman about this occurrence. 
So I went to the principal manufacturers of this kind of apparatus 
and suggested all kinds of devices that they could furnish, 
but one of the representatives finally told те,“ You do not need 
any complicated apparatus, all you need is to attach a weight to 
your wire so that when it blows the weight drops and closes a 
circuit that rings a bell in the patrolman's cabin." That was a 
simple idea, and it did me a great service. 

john B. Fisken: Mr. Hunt suggested portable substations 
on flat cars. I wonder if Mr. Hunt has ever been in a mining 
district? If we could only get an aeroplane that would lift 
a 650-kilowatt transformer up to one of our substations it 
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would bc a great help. We have one or two substations where 
we have as much as 30 or 35 per cent grade to get material up. 
There is much to be said, however, in favor of the substations on 
flat cars or on wagons if the country is suitable. 

Now, our distribution is not entirely mining. Out of 550 
miles (167.6 km.) of 60,000-volt lines, I suppose more than half : 
of it is in farming country with substations scattered all over 
it, and therefore there 1s no doubt that the flat car substation 
might be a very good adjunct to our business; the unfortunate 
part of it js that the “ pickings " are awfully thin. In order 
to make anything at all we have got to kecp down our investment, 
and when we make our rates we have it understood that we will 
do the best we can to give a constant service, but we cannot 
undertake to keep spare transformers in every station, or even 
go to the expense of maintaining a substation on a flat car. 
We do keep spare transformers at important points ready for 
shipment, and we can load a transformer and easily have it 
started on the road in about two to three hours. 

Referring to Mr. Nim's discussion, I do not see any reason 
why we should go to the expense of hauling three transformers 
up a mountain side when we can haul one. The weight per 
kv-a. of three transformers is greater, the space required for 
them is greater, and when you have to excavate in a mountain 
side to get some place to set them so they won't roll to the bottom 
that is quite an item. There is one advantage that Mr. Nims 
points out, that is, 1n the event of a burn-out in one transformer, 
if your connections are delta delta you can cut out one and run 
open delta. The three single-phase transformers have six 
points of weakness; they have six entrance bushings, the three- 
phase transformer has three, which cuts down the liability of 
trouble to that extent; but the prime reason why we adopted 
the three-phase transformer was that our first 60,000-volt line 
was built into this mining country. Twelve years ago we did 
not know anything about it, we had nothing to guide us, and 
the factory engineers recommended three-phase transformers; 
we took their advice and after ten years of operating experience 
we have never scen any reason for changing our plans. Where 
we have three three-phase transformers, we might substitute 
three single-phase transformers, but we use these three-phase 
transformers in all our stations, and in many places we only 
have one transformer, which would mean, if we used single- 
phase transformers in these stations, that our other spare 
apparatus would not be available. 

Mr. Nims asked the question as to what extent the automatic 
idea could be carried. My opinion is that there is no limit, 
it can be carricd to almost any extent. 

Another question was about the length of the single circuit. 
This station is 400 ft. (121.9 m.) distant from the main lines, 
which are in duplicate. The two lines, up to a certain point, 
follow different routes, on different rights-of-way; at a point 
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about twelve miles from this particular substation they come 
together. At that point we have a 60,000-volt switching station, 
equipped with oil switches, electrically controlled. There we can, 
by putting the two lines on the same bus at one of our stations, 
switch the load from one line to the other in case of repairs, 
which we do frequently. In case of trouble of course we can 
either switch at this particular switching station or we can 
transfer the branch line by means of the air switches to either 
of the main lines. At a point some twelve miles beyond we 
have another 60,000-volt switching station of oil switches, 
so that we have considerable flexibility. The duplicate line 
has not been used to any extent except for repairs. The question 
of the length of a shut-down in the mines, provided it does not 
extend over a long period, is immaterial. A large part of the 
load isin the concentrators. Ifthepower goes off,theconcentrator 
is choked and it has to be cleaned out and started over again, 
so that the question of whether it is off for 15 minutes or two 
hours is not very material; the big loss to the mining company 
is in getting started again. 

Mr. Nims suggested that there is too much left to the auto- 
matic features, and not enough to the attendant. I do not 
know whether this contention is right or not, but the attendant 
claims that he has too much to do; he has to take care of a line 
that rises to an elevation of about 3000 ft. (914 m.) above 
where his station is located—there is no road, but there is a rough 
trail, and he has to go up there five miles (8 km.) very frequently; 
he has another line about 8 miles in length to take care of, 
and a third line about the same length, so that the attendant is 
very seldom at the station. His house is only a few hundred 
feet away so that when he is at home he is available; but the 
station is designed to do without even this attendance; all that 
we require of him is, as I have said, to change the charts on 
the recording instruments and make a gencral inspection of 
the plant. I think, for that reason, all the automatic features 
I have outlined are necessary. I might state that in the early 
days what really started us on working out these automatic 
features was an occurrence that happened at this same plant, 
although at that time it was an old substation. I got a call 
one Sunday morning about six o'clock, telling me the trans- 
former 275 kv-a. at Bunker Hill was burned out. I had just 
time to jump into some clothes, make a rush and catch the 
morning train. I reached there about one o'clock and was met 
by one of the men who said it was allright. Не said “ The 
water stopped running and the transformer got hot.” I went 
down and looked it over, everything was all right; but that was 
the time when it occurred to me that it was necessary for us 
to have some means of protecting our transformers 1n case of a 
recurrence of a shortage of water, and the “ auto trip ” or 
* water relay " was the result. The first water relay we built 
was a very crude affair, which has gone through a number of 
stages before we finally adopted our present type. 
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In answer to Mr. Fraser I would state that the lightning 
arresters are of the electrolytic type, and are charged daily. 
The patrolman usually gets back home at night; if he does not 
he telephones in to one of the mining company's men to charge 
the arresters; but as a rule he attends to them himself. 

Mr. Terrell questioned the use of the water-cooled trans- 
formers, and his contention I think rather well founded. Unless 
there is a water supply under gravitv, I do not favor the use of 
water-cooled transformers, and in our practise we are getting 
away from them. Our first transformers used in the Coeur 
d'Alene country were all water-cooled. Our experience now 
is that up there 1t 1s the hardest thing in the world to get water. 
The mining companies actually pump the water for the 
concentrators two or three times; after the water has gone 
through the mill they catch it and pump it up again, so that 
we have been compelled on that account to get away very 
largely from the water-cooled transformers; but whenever a 
supply of good water under pressure can be obtained the saving 
in the cost of handling a water-cooled transformer as against 
an air-cooled certainly justifies the use of the water-cooled 
transformer, especially where you have to haul them up the 
side of a mountain. 

Mr. Robinson suggested automatic substations for railway 
electrification. If you gentlemen ever come to Spokane, and 
I hope some day you all will, you will have an opportunity of 
seeing automatic substations on an electric railroad. The 
Inland Railway system covers about 100 miles (161 km.) of 
single-phase railway where the substations are entirely auto- 
matic. I am not very familiar with the apparatus there, but 
I do know that I have never seen any attendant. As a general 
thing substations are located close to a depot, and the agents, 
when they are not telegraphing or making out waybills or 
doing something else go across and look at them; they have 
worked out the automatic substation for railway electrification. 

In regard to our chairman's question, we are using many 
telephone transformers. Our incoming telephone lines to the 
Spokane office—we have six or eight of them—are all equipped 
with telephone transformers; the main generating plants are 
equipped with telephone transformers; on such substations 
as I have outlined we provide a stool, which is nothing more 
or less than a high-tension insulator with a platform on top 
of it, and a man stands on that when he 1s telephoning. 

I think I have answered our chairman's remarks with reference 
to a substation on a truck, in talking on Mr. Hunt’s remarks. 

Mr. Pope is laboring under a misapprehension; the Washing- 
ton code does not require two men in each station although it 
is true that a bill was introduced at Olympia last winter calling 
for two men. The reason, so far as I know, for requiring two 
men in each station had no reference to safety; it was simply to 
make jobs. Mr. Havward touched on the question of two 
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operators in a station. We have one station in Spokane, which 
is our high-tension substation where our lines come in from our 
outside plants. At that station we have one operator on shift 
only, and the other operator is in his house (they both live in 
cottages provided for them alongside the substation) so that 
if help is required and the operator on duty is able to go for the 
help he can get it. There is no reason why he should ever 
have any trouble so far as the electrical arrangements are 
concerned, as that station is made about as “ fool proof " as it 
can be made. The switches are all remote control, and the 
disconnecting switches are handled with long insulated rods, 
and the only case where he might require help would be in case 
he should faint or be taken sick; so far as any question of electri- 
cal risk is concerned that is practically eliminated. Mr. Hay- 
ward's remarks with reference to the reliability of service over 
one line I think are well taken. We supplied the Coeur d'Alene 
country from 1903-1908, I believe it was, on one line. We went 
in there when all the developed mines were running either on 
water power or on steam; since the day we started giving service 
I do not believe there has been one single piece of steam appar- 
atus going into that district. The few steam plants that they had, 
if they are not in the junk pile, are ready to go; the water power 
of course they use, because that saves them a little money, 
but very little; so I think we have demonstrated that you can 
give service over one line that will satisfy a mining community. 
I am very glad indeed to know that Mr. Hayward endorses 
my views on the three-phase versus the single-phase trans- 
formers. | 

І am going to dodge Prof. Karapctoff’s suggestion of taking 
up the question of delta versus Y, it is too big; we could argue 
all day and never get any result. I will say this, that our prime 
reason for adopting Y on the high-tension side 1s the fact that 
we reduce our strains on all the apparatus by grounding our 
neutral at the generating plants. We have a stress due to 
34,700 volts from line to ground. I believe that that is worth a 
whole lot, and of course doing that prevents a delta delta con- 
nection. We do not use any resistance in our ground connection. 
We started ten years ago with grounds all through our system; 
experience has rather tended to indicate that is wrong and we 
are now removing the grounds everywhere except at the power 
plant; at the power plant we expect to keep our grounds, and 
we expect to have them dead grounds without any resistance; 
if a line is in trouble the sooner we know it the better, because 
we can get out and fix it. 

I was very much interested in Prof. Karapctoff's statement 
about the visit to the manufacturer who told him how to arrange 
his telephone lines to give the indication in case of fuse blowing. 
I wish I had known that manufacturer, because it would have 
saved 115 a whole lot of worry, 

The rate for power in the Coeur d'Alene district 15 $3 per 
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kv-a. per month, based upon the maximum kilovolt-amperes 
used in each month, and in addition a charge of one-half cent 
per kilowatt hour for the kilowatt-hours used in each month. 
For a one-year contract thcre is no discount; two-year contract 
10 per cent; three-year contract 15 per cent; five-year contract 
25 per cent; the Bunker Hill & Sullivan Concentrating Company 
is working on a five-year contract, so that from that the rate 
can be figured. 

J. H. Lighthipe: What isthe length of time required to install 
an oil transformer, to replace the burned-out one; that 15 to dry 
out and fill with oil? You spoke of the kv-a. capacity. What 
capacity charge is taken for them on the kv-a. or the kilowatt 
capacity? 

J. B. Fisken: We take the assumed voltage of 2300 and 
measure the amperes. Ав to the time required to change the 
transformer in the case of a burn-out, it 1s a little hard to answer 
because it depends altogether where the burn-out is. In our 
more improved substations we have spare transformers. Now, 
in the Coeur d'Alene country we can get one into service in 
about three hours. 
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Discussion oN “ ELECTRIC DRIVE IN MACHINE SHops ” (FAIR) 
PHILADELPHIA, PA., OcTOBER 13, 1913. (SEE PROCEED- 
INGS FOR OcTOBER, 1913.) 

(Subject to final revision for the Transactions.) 

Harold Goodwin, Jr.: The speaker discussed the advantages 
of the individual drive and the cost of operation; but he left 
out apparently the cost of initial installation. 

In some cases it has been said that individual drive would 
cost from three to four times as much as group drive, and there 
was no apparent advantage obtained by the individual drive. 
In the case of spinning mills, recommendations have been made 
by motor manufacturers to install individual drives and some 
have installed them and some have kept on with their old steam 
engines, rather than invest in the new drives. 

In mills where almost all the machines are the same and of 
moderate power consumption would it not be advantageous to 
use group drives rather than go to individual drives? 

R. L. Lloyds In reference to the same subject mentioned by 
a previous speaker, we frequently find in soliciting business for 
central station service, especially where a different form of motive 
power has been used, that the question of initial expense is a 
very vital one. And where a complete installation of indivi- 
dual drives would be of some advantage, the tremendous addi- 
tional expense over group drive plays such an important part 
that the consumer finds it 1s best to give up some of the operating 
economy. It is always a question of final results, and where the 
fixed charges are enhanced too much, resultant economy may 
suffer. 

William W. Benson: There has come to my notice recently 
the case of a manufacturer of fine goods for men's wear, who 
having observed that 64 looms being operated by motors on the 
central station power in his vicinity, made better goods and 
approximately 5 per cent greater quantity per loom,than 100 looms 
on power from his corliss engine, has decided, whenever possible, 
to shut down his engine and operate on central station power. 

C. O. Mailloux: The extent to which the motor drive has 
been adopted in Europe seems to me to be evidence of its utility 
and advantages. The Europeans are extremely careful in their 
capitalization investments, and their amortizations. They are 
apt to be very conservative in making new capital investments, 
and before making any changes they generally make sure that 
there are not other better ways than the ones under considera- 
tion. They only make a change when they find a manifest 
advantage in doing so. 

The electric drive appears to have made great progress abroad. 
I visited several European works during the last three months, 
and I was struck by the absence of belting. I find a marked 
tendency to the adoption of the direct drive in textile establish- 
ments. The most modern establishments are all electrically 
driven, every weaving or textile machine having its own electric 
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drive. Among the model establishments which I visited recently 
was an automobile engine factory. I noticed not only that the 
machinery was modern, of very perfect type, well arranged, but 
I noted especially that it was all electrically driven. 

Charles Fair: Generally speaking, the drive and machinery 
in a textile mill differ so greatly from that of a machine shop 
that I would prefer not to discuss drives for textile mills 
at this time. You will, however, find that considerable in- 
crease in. production has been made throughout New Eng- 
land in the textile mills, due to the large number of individual 
motor drives in use. "The ideal drive for large and moderate 
sized machine shops, production and maintenance considered, 
would be a combination of alternating current and direct current, 
the alternating current for constant speed machines and the 
direct current for adjustable speed machines. Individual versus 
group drive would be a question of cost of installation, the 
size and kind of machine involved and the product manufactured. 
The advantage of driving large machines with individual motors 
is generally recognized, for obvious reasons. With small ma- 
chines there are many factors that would enter into the deter- 
mination of the question of individual versus group drives. 
Cost of installation only considered would mean group drive; 
production considered would mean certain small machines, tool 
grinders, drills, etc. placed for convenience among large indivi- 
dually driven machines. These would necessarily be indi- 
vidually driven, as would small machines placed at intervals 
for convenience on assembling floors or where light conditions 
were essential or where dust, grit, noise or objectionable fumes 
might make it desirable to remove a machine out of the reach 
of a line shaft. Modern requirements of machine tools often 
call for such complicated performances that the use of adjustable 
speed motors offers the only practical solution. "Where a con- 
siderable number of small machines are used for duplicate 
work and where they are closely bunched, it might be desirable to 
group them and drive with one motor instead of using indi- 
vidual motors. I say “ might be” because I know of cases 
where group drives are not desirable even under these con- 
ditions. 

Much of the noise due to the use of high speed raw-hide 
gearing, is due. to the shrinking of the raw-hide. I have 
seen cloth gears transmitting 50 h.p. and under with compara- 
tively little noise at the rate of 4200 ft. (1280 m.) peripheral 
speed. There are numerous cases where herring bone gears 
are transmitting power at speeds of 5000 ft. (1524 m.) and even 
higher. 

Due to the increased cost of production as much as to any 
other factor, the tendency is more and more towards getting 
out of a tool its maximum production. To protect a tool to 
the extent of cutting down production 1s usually expensive pro- 
tection. Except in rare cases a machine should not slow down 
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on account of the load increasing. Machines should be chosen 
with the idea that they will do the work expected and in the 
shortest possible time and they should not be handicapped by 
lack of power. 

In conclusion, I would quote Mr. Gano Dunn, who, in dis- 
cussing line shaft versus motor drive some three years ago, 
concluded by saying that “ the electric motor would drive the 
line shaft from the machine shop just as surely as it had driven 
the horse from in front of the car." 
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DISCUSSION ON “INDUSTRIAL SUBSTATIONS” (LIVERSIDGE), 
PHILADELPHIA, PA., OcTOBER 13, 1913. (SEE PROCEED- 
INGS FOR OCTOBER, 1913.) 

(Subject to final revision for the Transactions.) 

W. C. L. Elgin: I think Mr. Liversidge has covered 
many of the important points in relation to substation design, 
but I have gained the impression that he has paid too much at- 
tention to the question of space economy. Although the size 
of the apparatus readily lends itself 1n that direction, I think 
there are many bad designs because too much attention has been 
paid to obtaining the smallest possible space for the apparatus. 

I know of three substations designed for 2000 kw. each; 
and in examining them, I was impressed with the fact that the 
principal and only question considered, was apparently to find 
a place for each piece of apparatus and then to build a wall 
around it. These substations were only about 20 feet square; 
and after installing the apparatus there was no room for making 
repairs. In order to properly inspect any part of the plant 
that might become defective, it was necessary to go outside of 
the building, and look into the substation through a window. 
For this reason, these substations had to be abandoned. 

I think the pictures showed that where there was rotating 
apparatus, reasonable space was allowed, but that the space 
was smaller where merely static apparatus was installed. In 
the static substation of .4000 kw. the entire apparatus was 
installed in a space 30 feet by 10 feet. "That space, of course, was 
ridiculously small. In the next two or three years, I think you 
will find that this substation will have to be enlarged or other- 
wise altered. 

The cost of the building is relatively small in comparison 
with the importance of the rcliabilitv of service and also with the 
total cost of the service. "The теа] estate and building costs 
are practically small items. 

One other point in the paper is that of enclosing all the ap- 
paratus, especially the high-tension apparatus. I think 1t should 
not be enclosed completely, but that partitions, some of which 
may be made of glass, should be placed around it; or an open 
space should be provided, of a size sufficiently large to permit 
of an examination of the apparatus, but small enough to prevent 
the operator inserting his hands, and making accidental contact. 
Another advantage of this is that you can locate any trouble in 
the particular compartment in which it occurs; but if completely 
enclosed, the smoke will travel from one place to another. 

There was another point of which Mr. Liversidge did not 
speak, and that is the danger, in these cases, from water. It 
seems to me that substation apparatus should be so designed 
that it would operate even if completely immersed in water. 
There has always been a great objection to having water around 
an electrical installation. I know of a case where a 2400-kw. 
substation was partially submerged for twenty-four hours and 
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continued in operation during this entire time. That is an 
accomplished fact; and we now know that we can operate under 
these conditions. 

I wish to make a plea for more space in substations, instead 
of space economy. 

P. M. Lincoln: Mr. Chairman, I have not much to offer, but 
I wish to commend the careful thought given in Mr. Liversidge's 
paper to this question of substations and their design. There 
has been a great deal of thought given in the past to power 
stations, but substations and the use of the power therein has 
been more or less neglected. "The substations of the past have 
partaken somewhat of the nature of 'Topsy"—thoey just grew. 
I think we are to be congratulated in having someone like Mr. 
Liversidge, who has given careful attention to this subject, give 
us the results of his study in a carefully prepared paper such as 
this. 

Mr. Liversidge said the three-wattmeter method was used in 
some stations and the two-wattmeter in others. Why is that? 

What is the method for measuring the maximum demands? 
Has the maximum demand method of charging come into gen- 
eral use? 

Those are some of the questions which occur to me at this 
time in connection with Mr. Liversidge's paper. 

John Mathews: I have noticed that in many of the cases 
which Mr. Liversidge cited, they use single-phase transformers 
rather than the polvphase units. The cost of the polvphase 
is less than the cost of the single-phase unit and the space oc- 
cupied may be less. 

Were there any other features which made the decision in 
favor of the single-phase unit? 

G. W. Brooks: I note in Mr. Liversidge’s paper that in the 
majority of cases installations include two banks of transformers, 
one of these being spare. It would seem that this 1s a greater 
` expense than necessary, as reliable service can be secured by 
the installation of four single-phase transformers, one trans- 
former to be held as spare. This saves the cost of two complete 
transformers. | 

In metering power when service is given through two incom- 
ing feeders, is it not practical to install current transformers 
ineach of the two incoming lines and connect these trans- 
formers in multiple to the same watt-hour meter? 

Is it considered desirable to install overload relavs on each 
incoming line feeder where reverse energy relays are used апа 
protection is secured by overload relays on oil switches serving 
apparatus connected to substation bus? 

W. C. L. Eglin: Thinking over some of the remarks I made 
earlier this afternoon I thought I might possibly have given the 
impression that I was criticising that portion of Mr. Liversidge's 
paper regarding space economy. What I wanted to say when 
I made my statements, was that the apparatus lends itself to 
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space reduction so well, that that feature is generally abused 
and the space cut down very much below reasonable limits. 

P. V. Stephens: This paper is one of great interest to design- 
ing engineers, and there is one point not strongly emphasized 
in comparison with these other points which have been enum- 
erated. That is, that in addition to the space and the general 
design, etc, the controlling idea in the design of the sub- 
station, especially the industrial substation, should be the con- 
tinuty of the service that is to be supplied. In other words, 
in larger installations you will find that this is of prime import- 

eance, and it is one of the reasons why a great many of the com- 

panies prefer to have their own power and pay more for it, than 
to run the risk of being shut down because they are depending 
on one or two feeders. 

If you will present to them a vede which will guarantee 
a continuity of service you will go a long way toward getting 
them to use central station service. One way is to have as 
many sources of supply as possible. Have at least two feeders 
from the company's power station to the users, and a two- 
bus substation system has many advantages. By providing 
two-way switches on the feeders you can switch on to either bus. 
This gives a flexible arrangement and greatly decreases the 
possibility of a shut-down, thereby providing a continuity of 
service which is a very important factor in supplying power to 
industrial plants and especially very large plants. 

For instance, in the case of a ship- -repair plant where a great 
ship is on the dock to be repaired, and there are heavy overhead 
and docking expenses all the time the ship is in dry-dock (and 
to this expense must be added the loss of business), a condition 
often necessitating a day-and-night job, you can readily im- 
agine what the cost must be in the case of unnecessary delay 
on an important ship where the steamship company is deprived 
of its service. You cannot then айога to have a shut-down; 
and it was on such a proposition in Brooklyn, New York, where 
I had to design an electricalinstallation of that kind, that it was 
necessary for us to give them a positive guaranty of no shut- 
down on their extensive equipment, and for the last six years 
they have run continuously without loosing a day or night on 
an equipment of 3500 h.p. in electric motors. But they would 
have had trouble on four different occasions due to carelessness 
or accidents, if I had not had the two-feeder, two-bus system in 
operation. 

Charles Penrose: In further extension of the remarks of the 
previous speaker I ask Mr. Liversidge whether in the design of such 
substations use cannot be made of bus-sectionalizing switches 
on single-bus systems in order to insure continuity of service, 
rather than the necessity of a double-bus system such as has been 
suggested by the immediately preceding questioner? For these 
reasons: the double-bus lay-outincurs double initial expense, 
which is undesirable from the point of view of investment, re- 
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quires increased upkeep and adds to the complexity of operation. 
The latter is one of the important points which Mr. Liversidge 
has tried to bring out in his paper this afternoon, namely, the 
desirability of freedom from those complexities which may spell 
"trouble" in the operation of the substation. 

In regard to the particular interest which Mr. Liversidge's 
paper has had, atleast for me, I would say that it was my good 
fortune in connection with Mr. Albrecht to be asked by Mr. 
Liversidge to assist in a small way in the preparation of the paper, 
and that it has occurred to me more than once what great wealth 
of material for a paper is offered at this time by the industrial 
substations already in service in this country. Mr. Liversidge, 
because of the limitation of space and time, had to restrict his 
remarks to some 12 stations, which are in operation in different 
American cities. 

The possibilities that are open for further investigation of 
industrial substations throughout the country are almost limit- 
less, even if consideration is given only to the larger installations. 
The engineering characteristics of industrial substations have 
reached the point where the proper design of these plants is 
comparable to the design which enters into the installation of 
large central station substations. 

But Mr. Liversidge has drawn clearly the line of demarcation 
between what apparatus should be installed in industrial sub- 
stations, and what apparatus may not be permitted because of 
lack of space and complexity of arrangement. 

A contrast of the 12 substations which were discussed shows 
many points of difference in the voltages, phase and frequencies 
of the sources of supply. The sevcral plants included static, 
synchronous converter, or a combination of both kinds of equip- 
ment. АП of these points could only be dwelt upon fully in a 
very long paper. 

The point I want to bring out 1s that the subject is one of 
very great importance due to the tremendous development 
we now have in electrical installations in consumer's premises, 
where, as I have alrcady said, you may have a substation whose 
equipment is comparable in many cases to that of the largest 
substations in those of the larger central station systems. 

Harold Goodwin, Jr.: The previous speakers have laid 
emphasis on the question of continuity of service, particularly 
with regard to emergency services. Yet I should not like this 
discussion to go down as unqualified endorsement of emergency 
services. It may be necessary in some cases, but in other cases 
the expense might not be warranted. Even if the central 
staticn puts it in, the consumer has to pay for it in the end, and 
this militates against low rates. 

The necessity for emergency service depends largely on the value 
of continuity of service. No one has been able to evaluate this, 
but the ratio of cost of current to total operating expenses has 
been fcund a fair indicator of it. It would be interesting if this 
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ralio could be added to the data on each plant mentioned in 
the paper. | 

H. P. Liversidge: In reply to the points brought out by Mr. 
Eglin relating particularly to the subject of space economy, 
. would say that I thoroughly agree with him in the matter of 
greater space for substationlay-outs. The point that is desired 
to be emphasized is rather that the space allotment is usually 
a minimum, due primarily to the fact that the question is often 
decided before the engineer 1s asked to consider the installation 
of the equipment. In most cases this space is too small to be at 
first considered, and only after considerable effort on the part 
of the operating company is enough space given to permit of a 
satisfactory installation. It 15 quite evident, therefore, that such 
a condition usually results in a lay-out occupying the extreme 
minimum of building space. 

Replying to Mr. Lincoln’s question concerning the two-watt- 
meter or three-wattmeter method of measurement, I might say 
that while the two-wattmeter method is perfectly correct, there 
are practical considerations which arise in operating conditions 
where the three-wattmeter method is to be preferred. 

Referring to the installation of spare transformer units, I 
would say that, under certain operating conditions one addi- 
tional transformer will be sufficient for replacing any of the reg-- 
ular operating transformers in case of repairs, etc. Where an 
interruption of service due to transformer breakdown would be 
serious, however, it would seem better practise to install a com- 
plete duplicate installation of transformer units and switch 
board equipment. 

The subject of continuity of service is one that is of interest 
to all. The question of duplication of switch and busbar equip- 
ment to insure greater reliability of operation, however, under : 
certain conditions is doubtful. For normal capacities, modern 
switchboard construction has reached that state of development 
where the danger of breakdown in the busbar or switching equip- 
ment need not be seriously considered. It would seem, there- 
fore, that the best installation 1s that which embodies sim- 
plicity in its arrangement rather than the duplication of equip- 
ment to insure continuity of operation, in the event of switch- 
board failures. Where continuous operation 1s necessary, proper 
installation of section switches in the busbar and busbar taps 
will obviate the necessity of complete duplication of buses and 
switch gear and will permit of a ready examination of the oper- 
ating equipment. 
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Discussion ON ' RELATION OF PLANT SIZE To Power Cost " 
(LINCOLN), PHILADELFHIA, РА., OcTOBER 13, 1918. (SEE 
PROCEEDINGS FOR Остовев, 1913.) А 

(Subject to final revision for the Transactions.) 

Harry Archer Hornor: Mr. Lincoln has properly stated in 
the introduction of his paper “ that most engineers are ready 
to admit without argument that a large power plant can supply 
a given power service as a part of a general power supply busi- 
ness more economically than a plant merely equipped for special 
manufacturing business." Therefore it is obvious that we 
should look to other than engineering considerations to find the 
motives which prevent the prospective customer from purchas- 
ing his power from a central station. 

The author of this paper presents two arguments that may be 
urged against the central station method of supply. The 
first of these arguments, namely the question of the trans- 
mission and distribution of power, may easily be dispensed with 
because of the increasing number of central stations in congested 
communities, as well as the development in the art of very high 
potential distribution over long distances. Factories today 
are rarely placed without the zone of a central station. The pro- 
motors of an industrial venture would take into consideration 
the question of the advantages of such power supply in selecting 
a site for their plant. I doubt very much whether the central 
station would have been given as much consideration say ten 
or fiftcen years ago. 

The author's second argument in favor of the isolated plant, 
namelv, the use in most industrial companies of steam, must 
indeed have careful consideration. This argument seems to 
be the last one which is of direct importance to the engineer. 
Many industrial plants not only require steam for heating pur- 
poses throughout their plant and offices but also employ it 
in various parts of their manufacture. No doubt the use of 
steam in this way is extremely uneconomical, and no doubt 
other forms of energy could be just as well applied. Further- 
more, it may be purely because the steam plant 15 there that 
steam is so used. Neverthcless the fact that a conversion to 
some other form of energy must now be made, causes the owner 
to consider very carefullv the cost of this substitution. We 
see how quickly the problem changes from that of engineering 
into commercial economics. 

Mr. R. S. Hale in a paper read before a joint meeting of the 
American Institute of Electrical Engineers and the Amer- 
ican Society of Mechanical Engineers held in Boston, February 
16, 1910, points out a condition which I dare say would 
be found in a majority of isolated plants, namely: whereas 
the central station would figure its cost of power too high the 
isolated plant would be apt to figure its cost of power too low. 
This problem would be an extremely easy one and very definite 
of solution if the isolated plant only manufactured one kind of 
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power. Ав a matter of fact the large manufacturing concern, 
especially those doing a varied business, must equip the plant 
with many different forms of power. Mr. Lincoln has pointed 
out that this 1s exactly the place where the central station can 
aid because the diversity factor is large and the generating units 
would naturally be in proportion, making their first cost rela- 
tively high. On the other hand the isolated power plant would 
be under one operating force and under the same accounting 
svstem which would make 1t difficult in most cases to determine 
the individual costs of power without a very elaborate system 
of bookkeeping. 

The manufacturing company with which I am connected 
uses four different kinds of power for its construction pur- 
poses, namely, electric, pneumatic, hydraulic and steam. All 
these forms of power are generated in the same power-house 
and with the same operating force. It would not be possible 
to definitelv determine the unit cost of any one of these without 
an elaborate installation of instruments, a special piping system 
and a particular system of bookkeeping. Let us take the electric 
power alone: Two double-current generators are daily pro- 
viding the electric power. These units are rated at 500 kw. 
and carry a regular load throughout the day of about 600 kw. 
or 20 per cent overload. "They are therefore operated normally 
at good efficiency as far as the generator is concerned. There 
is also installed one 500-kw. direct-current generator. This 
generator is also used for what might be called peak lighting load. 
The switchboard operator throws the two double-current gen- 
erators into the distributing svstem in the morning, shuts them 
down at noon, places them 1n service after the noon hour, and 
shuts them down at quitting time, except in the event of the plant 
working overtime. This switchboard operator is as a matter 
of fact an oiler. Since there has been installed a voltage reg- 
ulator he has no more duties as regards the running of the elec- 
tric plant than those above outlined. If central station energy 
was substituted for the electric plant, there would be no re- 
duction in operating force. 

Let us consider the problem in another way: The electric power 
consumed seems to bear a relation, something like 20 per cent, 
of the total power with the exception of steam. As we would 
not reduce our operating cost, and could only look for a reduction 
at the coal pile, the immediate commercial question that would 
be asked is, would we reduce the amount of coal purchased per 
vear by twenty per cent, and how much money would this 
represent when we include the amount paid by the year to the 
central station? For the plant in question, and with the data 
that is available I am of the belief that there could be no com- 
mercial consideration given to this proposal unless the central 
station could supply electric energy so that no more operating 
expense to the customer would ensue, and that the cost per 
kilowatt-hour would be less than one cent. If the plant used 
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alternating current it would only be necessary to install an in- 
dustrial substation equipped with static transformers. This 
would answer the first part of the question. As it happens, 
approximately one-half the load is direct current, generated at 
230 volts, and the other half is two-phase 25-cycle, 200-volt, 
alternating current. This would necessitate either the conver- 
sion of the present plant or the installation of synchronous con- 
verters. The power house as now designed would not permit 
the installation of any additional apparatus, so that parallel 
operation with the present machinery would only be possible 
by the erection of a separate building involving a separate opera- 
ting force. 

The next consideration is then, the substitution of electricity 
for producing all the power, so that the present power house 
could be completely dispensed with and an electrical substation 
substituted. This involves a number of interesting considera- 
tions into the detail of which it is not possible to fully enter. 
Briefly, this comprises the question of rotary hvdraulic pumps; 
rotary air-compressors and the question of heating. This latter, 
though possible of accomplishment by means of electricity, will, 
I think, be generally admitted to be an expensive substitution, 
although as Mr. Lincoln has stated the small plant does not reach 
a point where it pays to install certain economical devices for 
the production of steam, yet on the other hand there are certain 
practical economies which can be introduced by which wastes 
of various kinds, though not entirely eliminated are very much 
reduced. This makes it problematical in the minds of the 
owners of such plants, to maintain their plants up to a point 
where either developments compel a change, or depreciation is 
so great that the apparatus can no longer sustain the demands 
put upon it. 

It may appear from the foregoing that this 1s an argument for 
the isolated plant and against the central station. Such is in 
no sense the intention. It is rather an endeavor to find the 
reason which prompts men who own isolated plants to retain 
them in preference to the purchase of power. The central 
station may be a little to blame in not making special efforts in 
this direction. 

Granted that they have at the present time accomplished 
much, I cannot see but what it depends greatly upon whether 
they wish to accomplish more. If the central station, as Dr. 
Steinmetz recently stated in an address before the Franklin 
Institute this month, can find an off-peak power load that does 
not cost them the installation of more apparatus and additional 
Operating expenses, it is safe to say that the central station could 
sell its power at even as low a rate as mentioned by Mr. Lincoln 
in his illustration of diversity factor as shown by the United 
States Reclamation Service in the Idaho Irrigation System. 
But if, as we have recently heard it proposed, the central stations 
take over the power supplv to railroads for the electrification 
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of surburban lines, I do not see but what the central station will 
be required to install and operate more apparatus, because this 
load will undoubtedly strike the peak, as the busy people will 
be going to and from their work at the same time that the station 
will need to supply its peak load. 

This is an interesting subject because it is such a large one 
and so many different factors enter into every side from which 
you view it. Although steam central plants have shown a 
wonderful reliability as well as flexibility, it has not been very 
long ago that a friend of mine in the northeastern part of this 
country very seriously considered annulling his contract with a 
water-power central station, and installing a plant of his own. 
I believe, however, that it is generally recognized to-day that 
such central stations, subject by the elements to an interruption 
of service, must parallel their water turbines with a steam plant, 
because of this uncontrollable consequence. 

I notice that Mr. Lincoln in his paper did not touch partic- 
ularly upon this point, and I suppose he did not because such 
eventualities are not so frequent. It is nevertheless a very 
important motive in any manufacturing concern whose product 
depends entirely upon the supply of electric current. 

As a summary I should deduce the following: 

First, the promoters of any new manufacturing venture would 
today consider the location, and operation of their industrial 
plant so that central station power could be used. This would 
be considered in their estimate of first cost, expense of operation, 
and in their original design. | 

Second, for those owners who are now operating isolated plants 
supplying various powers including steam, convincing reasons 
must be presented whereby they may abandon their present 
plant entirely and economically purchase their power. 

Third, I believe the principal motive underlying the retention 
of the 1solated plant is due to commercial economy rather than 
to engineering principles. 

Fourth, I believe that the central station in its development 
will overcome all obstacles and reduce the number of isolated 
plants. 

Fifth, I also believe that in the case of very large vessels that 
a central station adapted for this special service will be installed, 
and that requisite power will be delivered both for the driving 
of the vessel and for the operation of her auxiliary machinery. 

W. C. L. Eglin: Mr. Horner seems to take up one or 
two questions on the other side. There 1s a fourth point that 
occurred to me while Mr. Lincoln was reading his paper, and 
that is, the depreciation of any apparatus. The consumer in- 
variably has his mindfixedon the efficiency shown by his apparatus 
when first installed and tested; and he still believes it 1s operating 
at the same point of efficiency after several years of use. The 
central station company generally finds that it pays to discard 
such apparatus and install more efficient apparatus. That is 
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verly clearly shown in all the larger stations; whereas with the 
individual owner of a small plant, some particular change in 
his business or the extension of the business to the point where 
the plant becomes too small for his needs, would be required 
before he would think of abandoning it. 

The next thing is the inertia to be overcome. Take the case 
of the tungsten lamp: It is three times as efficient as the carbon 
lamp, yet there are three times as many carbon lamps sold 
today as there are tungsten lamps. The people are not installing 
as many tungsten lamps as they should, and it will take from 
three to five years to educate them to do во. In Europe you will 
have a task trying to find a carbon lamp. You see them, it is 
true, but you see many more tungsten lamps than carbon, 
while in this country you will see more carbon lamps than tung- 
sten. 

It is only a matter of time before the central station must 
be extended to the point where its service will become practically 
universal. 

That is the real objection to the substitution of electrical 
service from the central station—you must have a property large 
enough to be able to afford to “scrap " apparatus, even to the 
extent, sometimes, of removing the entire plant investment from 
your books. It is hard to get the ordinary manufacturer to 
throw out his plant and “ forget about it.” 

P. V. Stevens: I ask Mr. Lincoln for my own information, 
and possibly for the sake of others, this question: The dis- 
cussion or treatment in this paper has been apparently referring 
to steam plants, and the majority are familar with the conditions 
met in such plants, but assuming the advantage of the large 
central station over a small station is 10 per cent, I would 
like to know what percentage would represent the advantage 
in the operation of oil and gas plants where the fuel is relatively 
cheap. 

C. O. Mailloux: This paper discusses the general case very 
comprehensively and intelligently. "When we come to special 
cases, certain modifications may be necessary in the reasoning 
and in the conclusions, as the author has himself pointed out, 
We all agree, for example, in regard to the general statement 
that the economy of a plant will be a direct function of its size. 
There are, however, considerations which often argue in favor, 
апа demonstrate the superiority, from a financial standpoint, 
of: a small individual plant—the so-called “ isolated plant." 

My experience with isolated plants covers a period of over 
twenty-five years, and it 1s so diversified that I cannot now give 
more than a general summary of it. As consulting engineer, 
I have had, during that period, to deal, in some technical capac- 
ity or other, with perhaps a thousand isolated plants, large 
and small. In more than half of these cases, I have had charge 
of the design and installation of the plant, and in a number of 
cases I have also had charge, for a time at least, of its operation. 
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I have also had occasion to make reports in regard to the feasi- 
bility and economy of isolated plants in hundreds of cases. 
In the latter cases, the question was gone into most thoroughly; 
a very careful, honest attempt was made to get at all the facts 
and figures bearing on the case, in order to reach the true and 
correct answer as to whether the plant would pay ornot. In 
many cases, the answer indicated that the plant would not pay; 
but in many others it showed definitely that the isolated plant 
was warranted. I will only refer now to those instances where 
there was absolutely no chance for the central station to re- 
place the isolated plant. 

А very interesting case was that of a TS sugar refining es- 
tablishment in Brooklyn, in which a boiler plant of about 10,000 
h.p. was rendered necessary because of the immense amount of 
evaporating to be done incidental to the sugar refining opera- 
tions. This large boiler plant would have to be there anyhow. 
The same boiler room force and the same facilities would be 
necessary whether the electric current supply required for lighting 
and power came from an isolated plant or from a central station. 

At the time this plant was designed, the question of electric 
current supply received careful consideration, and it was soon 
made obvious that the cheapest and most practical way would 
be for the establishment to produce its own power, by generating. 
steam at high pressure, say 150 lb., and reducing this pressure 
to that which is required for evaporating, namely, from 7 to 
12 lb., by passing the steam through a simple engine designed to 
operate under a back pressure of 7 to 12 lb. Now under those 
conditions, a simple engine would not be particularly economical, 
as we know, but looking at the matter from the standpoint of 
thermo dynamics, and considering the amount of energy ab- 
stracted from that steam in being thus “throttled ” from 150 
lb. pressure down to about 10 lb. pressure, while passing through 
the engine cylinder, one finds that the steam loses only a very 
small percentage of its total energy, (the actual theoretical 
loss is only about 3 per cent for the above conditions); and 
yet in falling by expansion from 150 lb. to 10 1b., it is capable 
of generating a great amount of power. The plant was in- 
stalled and was a great success. It has been running more than 
15 years, developing somewhere between 1500 and 2000 h.p., 
through engines operating direct-connected dvnamos which 
supply electrical energy sufficient to operate the lighting system 
and for all the electric motors of various sizes required in the 
different buildings. In a case like this the cost of fuel and boiler 
room attendance are reduced to an insignificant amount. The 
only items that enter materially into the cost of the electric 
power are the cost of engine and dynamo attendance, and the 
fixed charges on the cost and also the maintenance of the engines, 
generators, dynamo leads and switchboard; and considering 
the large output obtainable from the plant, it 1s apparent that 
the cost of electrical energy per kilowatt-hour must be very 
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small. That concern is one of the few in New York City that 
can. afford to use electricity for cooking. It literally has elec- 
tricity to burn. An electrical cooking installation was put in 
which has been in operation since the plant was started, and 
which serves daily for cooking the lunch for a large force of men, 
composed of the heads of various departments. My recollec- 
tion is that the cost of electric current was somewhere around 
2 or 3 mills per kw-hr. It would, of course, have been impossible 
for any central station plant to compete with such an isolated 
plant. 

There are many other cases where the isolated plant proves 
to be cheaper for the consumer than the central station current 
supply. I have found this to be true in scores of cases, as in 
large office buildings, where steam heating is required during 
many months. Mr. Lincoln says that no heating is required 
for more than half the year. My own experience leads me to 
a different conclusion. In these latitudes, one must figure on 
heat being required in a building for at least seven months. 
Most of the time during that period, the fuel consumption which 
is properly chargeable to the electrical service when high pres- 
sure steam 15 used, and the cylinder of an engine 1s employed as 
a throttling valve to bring the steam pressure down to three 
or five pounds, is small because, as already seen, the energy ab- 
stracted from the steam by that throttling process is very small. 
Even assuming that there may be a certain time during the 24 
hours of the day when one must use steam that is not chargeable 
to the heating system, yet the total cost of the coal and of the 
boiler room attendance chargeable to the electric service in the 
winter months is very small. This matter has been investigated 
by me, or under my direction, in many scores of cases. In some 
instances we have been able to corroborate the conclusions of 
our investigations. There were cases where the current had 
been supplied from a central station and return was made to 
the isolated plant. In other words, we have had cases where 
the same building has been operated under the same conditions, 


. . both by current from a central station and by current from its 


own isolated plant. We have also had cases where the steam 
for heating as well as for power was taken from the central station 
in New York which furnishes steam to consumers through under- 
ground mains. We have been able to make comparisons of 
cost in instances where an abundance of good and reliable data 
was available to enable us to check up the results and conclu- 
sions very carefully. One interesting instance was the building 
in which my office was located for a number of years. In this 
case the isolated plant, after being operated for a certain period 
of years, was stopped. Electric current was taken from a central 
station and steam for heating was taken from the underground 
steam mains. The total cost of the service proved to be con- 
siderably higher than expected, and eventually a return was made 
to the isolated plant, which has since then remained in operation. 
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A careful study of the facts and figures, taking into consideration 
every factor bearing on the case, including depreciation, ob- 
solescence, rental value of space, and all like conditions, showed 
that it cost the building less to produce its own supply of elec- 
tricity and steam than to take it from the street mains. 

I think that Mr. Eglin's remarks in regard to lamp economy 
have.an important bearing upon this situation. It now seems 
possible that we shall be able to reduce the lighting load of a 
plant to a great extent with lamps giving a candle power with 
j watt. Under those circumstances, the electric load, especially 
in buildings where electric current is used almost entirely for 
lighting, will be greatly reduced. While this does not make 
much difference in the winter months, yet it will make consider- 
able difference in the summer months, because the expenses 
which are fixed, such as the cost of labor, interest on plant, etc., 
then become relatively large and increase the cost per kw-hr. 
materially. Under those circumstances, the isolated plant, 
while still effecting a saving during the winter months, might 
represent a loss during the summer months. I therefore expect 
that the improvement in efficiency of incandescent lamps will 
help to bring about the gradual elimination of isolated plants. 

I am in accord with the feeling that the number of isolated 
plants will go on diminishing. It secms to be in harmony with 
the nature cf things, and with the principles which Mr. Lincoln 
has so clearly set forth in the first part of his paper. I cannot 
quite assent to the proposition that they can be all eliminated 
at the present time. It is my belief that there are many, in- 
deed thousands of cases, where the isolated plant is still cheaper 
than the central station. I would not say, however, that the 
time will not come when we may speak of an isolated plant as 
having been relegated to the museum of ancient things. 

M.G.Lloyd: Asone engaged in a weekly endeavor to demon- 
strate the desirability and feasibility of central-station service 
I have been much interested in Mr. Lincoln’s paper. He has 
demonstrated his main thesis, viz., that power can be generated 
at less cost in a large plant than it can in a small plant, but as 
he grants in the last two pages of his paper, that is not all there 
is to the question of installing central-station service. 

I am sorry we have not more figures on the question of what 
the cost of distribution is, as I believe it to be a much more 
important item than the author has indicated. I think I re- 
member that a representative of the Baltimore central station 
at one of our former meetings made the statement that the in- 
vestment in the distribution plant in that city was greater than 
in the generating plant. In Chicago this is undoubtedly true 
and the distribution system there has probably cost 30 or 40 
per cent more than the generating plant. Consequently the 
fixed charges on this portion of the investment are greater than the 
fixed charges upon the investment for power house and there 
will also be an operating expense for distribution which will 
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cover the power loss in cables and maintenance cost for this por- 
tion of the system. This results in an important item of the 
total cost which the isolated plant does not have to include in 
its computation. 

One of the standard arguments for the isolated plant is the 
economy of combining the use of steam for heating and for 
power generation. Mr. Mailloux has alreadv shown that there 
are cases where that is sufficiently advantageous to over-balance 
any advantage the central station may have in other respects. 
Mr. Lincoln has rather weakened his argument on this point 
by limiting the period during which buildings require heating 
to six months; in my territory (Chicago) heating is required for 
fully eight months. While heating is not actually required every 
dav during this period it is necessary to have steam up and ready 
to turn on in case of a sudden turn to cold weather. It is true 
that the load curve for heating is, however, not coincident with 
the load curve for power, but that does not affect the question 
of cost so much as the point of whether the peak loads coincide. 
Mr. Lincoln claims that the heating load in many instances 
falls off entirely before the power peak comes on between 5 
and 6 p. m. This is not true of office buildings, which must be 
.heated well into the evening. 

I should like to take exception to one minor point in the paper 
where diversity factor is referred to. In order to have а diver- 
sity factor of unity the author claims that the loads must be 
proportional at all times. I do not think that statement can 
be upheld because even though the load curves may be en- 
tirely different in two plants having the maximum in each case 
at the same time there is no diversity since the generating equip- 
ment must be sufficient to supply that maximum and the di- 
versitv factor will be unity, although the load factors of the 
two plants are entirely different. 

Central-station solicitors realize that if their business depended 
only on the three main propositions brought out in Mr. Lincoln’s 
paper they would have no difficulty in getting all the customers 
that were solicited. Other points have to be met, however, 
and while it may not have been within the province of Mr. 
Lincoln’s paper to discuss these, still they must be considered 
with respect to central-station service. His arguments are 
getting stronger every dav, owing to the ever increasing size 
of the central station, and its units, which are now up to the point 
of 20,000 to 35,000 kilowatts. The central-station man can 
make his case stronger in every instance where he has the best 
of the argument if he realizes fully the arguments upon the other 
side and is free to admit that there are cases where the central 
station cannot compete with the isolated plant. 

C. O. Mailloux: I think that the previous speaker overesti- 
mates the importance of the increasing size of the central station 
units. The total cost of delivering the service from the central 
Station is not made up of the central station cost plus fixed 


336 POWER COST [Oct. 13 


charges, but is made up of the total central station cost plus 
the cost of delivery. Now the cost of delivery, it happens, is 
very much greater than the cost of producing the energy. The 
most that can be expected as the result of increase in size of the 
units is an economy of a few mills per kilowatt-hour. If the 
cost of electrical energv at the bus-bars in the central station 
is, let us sav, 55 mils per kw-hr. we may be able to get it down 
to 45 mils or even to 35 mils. There is an “ asymptotic " value 
somewhere, which is probably between three-tenths and four- 
tenths of a cent. То this must be added the cost of transmission 
and distribution. The further economies realizable must be 
effected mostly in the cost of distributing the electrical energy 
supplied to the consumer, which 1s never less than 0.5 cent to 
points neaiby, and it may be two, three or four cents to remote 
points. 

It seems to me that we cannot hope for much from the in- 
creased economies resulting from the increased efficiencies in the 
central station. Ina case where the bulk of the cost is for electric 
power (for electric elevators, ventilation, etc.), the conditions 
will not be more favorable to the central station, but more likely 
willbelessso. The conditions which mav make a great decrease 
in the load of the isolated plant will arise especially in cases 
where the bulk of the service is for lighting. 

J. P. Jackson: Мапу plants that you would consider com- 
petitive in any wav, may be so small that it would not pay to 
put in feed-water heaters, etc. But I judge that with any plant 
so small that it would not need such auxiliaries, there 1s no ques- 
tion but that 1t would be more economical to go to the central 
station for power. Certainly very small primary power genera- 
tion units are as a rule verv undesirable, when central station 
power can be obtained at' suitable rates. 

I would like to emphasize Mr. Eglin's statement about the 
depreciation in figuring out the cost to an isolated plant. The 
specialist emphasizes the necessity of improving everything. 
I imagine the man who puts up the money in the plant sees 
very dimly that the actual plant is decreasing or depreciating 
due to the improvement of the art. His plant is running all 
right, and he does not like to be told that it is depreciating on 
account of advance in the art. 

There is another thing I believe it is worth while to mention 
specifically and that is the lucid, clear statement of these subjects 
which our friend Mr. Lincoln uses. He has an extraordin- 
arv wav of putting things, so that a layman, like some of us, 
can understand what he is saving. I believe if the engineers 
would confine themselves to a simple, clear intelligible statement 
of the principles of science and engineering, that engineering 
would advance with greater rapiditv than otherwise. 

Finally, permit me to say that I am on the side of the central 
station. I believe the central station is bound to be the great 
source of power in the world; but I also believe with Mr. Mail- 
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loux, that each case must be studied out on its merits, and no 
general statement of the facts should be accepted. Mr. Mailloux 
is right, that buildings having lighting, heating and other loads 
to carry might be different in their relative conditions from others. 

G. J. Blum: It seems to me that the discussion has brought 
out a point worth considering and that is that the central sta- 
tions while trving, so to speak, to get nearer to their customer, 
are in reality getting further away from him. I refer to,the 
concentration of generating equipment in a very few very large 
power houses which in many cases are located at an average 
great distance from the points of greatest load, thus entailing 
high fixed and high maintainance charges on distribution equip- 
ment. 

A reasonable increase in the number of generating stations so 
located in reference to load centers as to reduce line losses and 
cable troubles to a minimum and to make possible an alternative 
selection at the substations, especially the large industrial sub- 
stations referred to tonight, in case of trouble on any particular 
feeder, would 1n the spcaker's opinion make much more remote 
the possibility of any interruption of industrial service dependent 
on central station supply. The matter of steam heating service 
from such central stations would further suggest itself as a pos- 
sible source of revenue. 

I think it is along these lines that thought might be directed 
by those men responsible for the most profitable operation of 
the central station. 

P. M. Lincoln: The point is well made by Mr. Hornor and 
Mr. Eglin, that the central station not only must show economy 
in serving a new customer but that often in the case of an exist- 
ing isolated plant, the central station must have charged against 
it the fixed charges on the plant that is displaced by the use of 
central station power. It is an endeavor to show a saving 
after a scrapping of the old plant which breaks the back of the 
central station. 

The paper I have prepared necessarily deals with generalities, 
and contemplates the conditions necessary to compete when no 
isolated plant exists. When we deal with the conditions of an 
isolated plant already built, the margin in favor of central 
Station power is much reduced and sometimes wiped out. 

Mr. Eglin mentions the fact that carbon lamps were scarcely 
seen abroad while very frequently used in this country; and I 
looked at the lights used in this room and I find they are carbon 
lamps. Here is acase in point where carbon lamps are in use, 
and where tungsten lamps would undoubtedly save a considerable 
amount. 

Mr. Stevens has asked a question as to the possible competition 
between central station plants and isolated plants that use oil 
or natural gas for fuel. The best answer I know of to that is 
to point to the scarcity of such oil and gas plants. Theoretically 
the Diesel engine or the gas engine can do better than the cen- 
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tral station steam plant in the matter of thermal efficiency. 
However, the handicap against them in other directions is such 
that they have made comparatively little headway. 

Mr. Mailloux cites a case where the central station plant 
would have no chance at all. His sugar refinery required large 
quantities of steam for the vacuum pans for evaporating, and 
there was consequently a large boiler plant, and the small 
pereentage of steam that was taken in generating the power 
made the power cost comparativelv slight. It takes verv little 
more heat to turn out steam at 150 lb. pressure than it does at 
15 lb. and the power that can be obtained in throttling down 
from 150 lb. to 15 lb. is a by-product which costs practically 
nothing. In that case I do not think central-station power 
would stand a ghost of a show. 

I note mv estimate of the time during which heat for buildings 
is required is questioned. Му estimate was based on conditions 
as thev exist in my own house. I start ту furnace about 
October 15th and stop about April 15th. If I should count 
from the time it is first started to the time when it is last used, 
it might be somewhat more than six months; but there are warm 
fall days and warm spring days when the furnace 15 not required. 
Now the requirement for heating in the usual building in the 
main covers about the same period of time. There is a further 
fact which I did not emphasize in my paper, that the maximum 
heat requirements for zero weather are tremendouslv greater 
than the average. This fact entails a very decided additional 
difficultv in using the same steam for both heat and power. 

In answer to the comments of Mr. Mailloux and other gentle- 
men, let me point out the first of the requirements I set forth 
in the last page of my paper; I there call attention to two reasons 
why central-station power might not be used to supplv all of 
the electrical service within legitimate reach of their distributing 
svstems. The first of those reasons is, that the rate offered 
bv the central station does not bear a suitable relation to the 
cost of the service to be supplied. I believe that the increased 
use of central station power that will surely come as time goes 
on will reduce its cost verv considerably from what it has 
been in the past. 

Mr. Lloyd mentions the fact that the cost of distributing cen- 
tral station power is very considerable, which is true. In one 
case I figured the distributing cost ran from 60 to 70 per cent as 
much as the cost of the power itself. But that cost enters into 
fixed charges only. The distributing system “ eats no coal" 
except what may be due to the losses therein, which are 
comparatively small. The additional cost of central station 
power on account of distribution is not sufficient, in general, 
to justify the isolated plant. 
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DiscussioN ON “ TUNGSTEN Lamps OF HIGH ErriciENCY—I 
AND II" (LANGMUIR AND ORANGE), NEW York, N. Y., 
OcTOBER 10, 1913. (SEE PROCEEDINGS FOR OCTOBER, 1913.) 

(Subject to final revision for the Transactions). 

John B. Taylor: I would first like to make a few remarks, 
to give the audience a few moments’ time in which their eyes 
may become accustomed to the great difference in brilliancy be- 
tween the filaments they have just been looking at and the en- 
larged projected image, which, perhaps, will have a brilliancy 
of something in the order of one-millionth part of the brilliancy 
of the lamps at which you have been looking. 

I can testify to the satisfaction that this lamp gives in pro- 
jection work after using the lamp with a projecting microscope 
and also for photo-micrographic work, particularly color photo- 
graphy. The steadiness of the lamp as compared with an arc 
lamp, either hand-fed or automatic, leaves the worker absolutely 
free to give all his attention to the subject or specimen and the 
photographic plate. A switch turns 
on the lamp and the light source is 
always exactly in the same position. 
Its intensity will always be the same, 
and repeated exposures will give 
similar results. The color value is 
good, as it is almost as white as a 
carbon arc. In projection work half 
of the light is thrown backward, but 
a large portion of this can be con- 
served by the use of a reflecting 

Fic. d mirror, properly placed so that the 

reflected image practically coincides 

with the source of light. The projection arrangement I have 

here will show this. This reflector arrangement is of no value 

in the case of the carbon arc, as the electrode casts a shadow 

backwards. As shown in Fig. 1, the reflected image is inverted 
with respect to the direct image. 

(Mr. Taylor then threw the projection on the screen.) 

I ask Dr. Langmuir if he can tell us anything of the ratio of 
the resistances of the filament hot and cold in the nitrogen- 
filled lamps. This may be an important factor when the lamp 
is switched on if there is a momentary overload of fifteen or 
twenty times normal. 

John W. Howell: Dr. Langmuir has made an analysis of the 
residual gases in tungsten lamps, and has devised an apparatus 
for the making of qualitative analyses in determining the five 
constituents in one cu. mm. of gas. That is a marvelous achieve- 
ment. During all the years we have been working on incandes- 
cent lamps we have been interested in residual gases, we have 
known they were there, and we had a general idea what they must 
be, but we never had the initiative to try to measure them in 
quality and quantitv as Dr. Langmuir has done. 
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The first summarv of Dr. Langmuir's, on page 1914, reads 
as follows: “ The efficiency at which tungsten lamps may be 
profitably run, is limited principally by the blackening of the 
bulb." Dr. Langmuir should have drawn that statement more 
carefullv, so that it would refer to large lamps. It is true 
of large lamps, but it is not true of the small lamp.  Forty- 
watt lamps and all smaller standard lamps blacken so little that 
they break before the blackening becomes objectionable and 
their useful life is their total life. These lamps constitute over 
75 per cent of all lamps sold. In large lamps the efficiency is 
limited by the blackening of the bulb. There are two reasons 
for this. Тһе small lamps have thin filaments. If these filaments 
waste away by evaporation, and one spot is hotter than the other, 
the hottest spot will waste fastest, and it will break there. This 
wasting will break a thin filament in shorter time than a thick 
filament, consequently the thin filaments break before the evapo- 
ration has proceeded far enough to blacken the bulb. We test 
in the laboratory all 40-watt lamps at 0.9 watts per candle. 
Their total life at 0.9 watt per candle is about 400 hr., and at 
the end of that time they are not blackened sufficiently to render 
them objectionable or make us take them down. — Large-di- 
ameter lamps will live longer. Another reason why lamps with 
thick filaments blacken more than those with thin filaments is 
that thick filaments are used for high candle power lamps and 
in these lamps, for practical reasons, the bulb arca is not nearly 
so large relative to the candle power or filament surface as in 
thinner filament lamps, and as the evaporation from a filament 
is proportional to its surface, these Jarger lamps with less bulb 
surface per unit of filament surface would get blacker in a given 
time. This difference in bulb surface in relation to filament 
surface is very great and causes large lamps to become uscless 
bv blackening before the filaments break. 

As to the second paragraph in Dr. Langmuir’s summary, I 
have recognized for some time that there are three different 
kinds of blackening in a tungsten lamp, and that the ordinary 
blackening which proceeds very slowly and is uniform throughout 
the bulb is caused bv the evaporation of the filament. I believe 
that same thing of carbon lamps, and if vou will refer to the 
TRANSACTIONS of this Institute for March, 1894, vou will ind a 
paper written by Prof. Anthony on “ Incandescent Lamps Con- 
taining Heavy Gases.” Prof. Anthony concludes with the state- 
ment that the blackening of the carbon lamp is caused by the 
evaporation of the filament, and Prof. Elihu Thomson, and 
Prof. Robb, of Hartford, and Mr. Doane agreed, in discussing 
the paper, that the blackening was due to this cause. 

In discussing that paper I said that there were two kinds of 
blackening, one was due to evaporation, I believed, and the 
other was not. Now, the other kind of blackening, which I 
thought was not due to evaporation, is alwavs irregular in its 
deposition on the bulb. In carbon incandescent lamps we fre- 
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quently met an irregular blackening which we call mottling, and 
mottling always occurs in a lamp which has a defective vacuum. 
Of course, there are different kinds of defective vacua, but only 
a few kinds of defective vacua that produce that mottling. 
There is one condition which always produced a mottled discolor- 
ation of the carbon lamp, and that was in the case of lamps which 
we made at one time, in which we put a little clay in the anchor 
clamp to hold the filament. "These lamps were always discolored 
irregularly and with mottling. That same mottled discolora- 
tion is found in tungsten lamps. This lamp (exhibiting lamp) 
illustrates a mottled lamp, but the discoloration is not black. 

It is a lightish discoloration, caused by oxvgen, by air. 
That is a mottled discoloration. I believe that any residual 
gas in a lamp which attacks the filament will produce a mottled 
discoloration. | 

The other kind of blackening in lamps is due to water vapor. 
We have believed for a good many years that the gas which 
comes from the glass of the lamp as it is heated was water 
vapor, but we did not know it. Dr. Langmuir proves it and 
now we know it. It is impossible, I think, to exhaust out 
of a lamp with a mercury pump all of the water vapor which 
comcs off the glass when you heat it. The only way in which 
wc can take it out is by the use of phosphoric anhydrid. 

Water vapor in a carbon filament lamp does not cause the lamp 
to blacken аѕ іп a tungsten filament lamp. Herce ате two tungsten | 
lamps (exhibiting lamps) that were made in the spring of 1907. 
When we made these lamps we exhausted them together in the 
same way. After they were exhausted and scaled up as finished 
lamps, I took onc lamp and with a gas torch heated the bulb 
hotter than it had been heated in exhaustion, and then the two 
lamps were put up on a life test and burned over night, and the 
result of one night's burning was that the lamp that had bcen 
heated to drive the water vapor off the bulb into the lamp was 
black the next morning and the other one remained perfectly 
clear. We discovered also that when we heated the bulb during 
exhaustion the water vapor was sufficiently removed so it did 
not come out any more afterward. 

Away back, about 1890, there was a lamp put on the market 
called the novak lamp, a carbon lamp with one mm. of bromine 
in it. The lamp was not commercially successful because the 
bromine had, as nitrogen has, bad effects and good effects, but 
in that carbon lamp the bad effects werc greater than the good 
effects, and the result was a disadvantage and the lamp did 
not live. 

At that time I made a lot of experiments on the effects of gases 
in lamps. I made measurements with four gases, nitrogen, 
hydrogen, bromine and chlorine. The lamps I used were first 
exhausted with a very good vacuum, and then increasing amounts 
of each one of these gases, separatelv, were admitted to the lamp, 
and the change made in the specific consumption of the lamp 
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by the cooling effect of the gas was noted, and these changes 
were plotted in a curve which showed the effects of any amount 
of either one of these four gases in the lamp. At first it was 
impossible to make a lamp which would burn well with any gas 
in it. It was onlv when we realized the absolute necessitv of 
drvness in the gas that we succeeded, but when we got these 
gases absolutely dry, neither one of them had any ill effects on 
the lamp. I mean as to making it black; but they all cooled 
the filament and this cooling effect is what we measured.. 

The effect of water vapor in a carbon lamp 1s to render the 
filament sooty and black. This makes it a very excellent ra- 
diator of heat, so that it is cooled by radiation to such a degree 
that the candle power falls away down, and усї the bulb re- 
mains clear. 

Farley Osgood: The question that interests the opera- 
ting engineer is, what is the hope of the development of this 
lamp in small units? As Mr. Howell has said, 75 per cent of 
the lamps used are in small units. 

J. E. Randall: You have had here an exhibition of this new 
development and a demonstration of the operation of these lamps 
during a period of a few moments. I presume that I am the 
last person in this hall to have seen any lamps of this kind op- 
erated in the Research Laboratory at Schenectady. I saw some 
lamps there tcday and identified them as those that I saw op- 
erating under the same conditions a number of weeks ayo. 
Thev have been operating continuously since the first time I 
saw them. Therefore, I think we can say that this development 
is successful. The development will be beneficial because it 
marks a long step in the energy efficiency of a device that 1s 
notoriously inefficient. 

If we grade the quality of lamps by the initial efficiency, 
that is, filament temperature at which they will show a certain 
performance, the so-called nitrogen lamp will take a very high 
rank. If we establish as a standard of performance, the initial 
efficiency at which a lamp will develop 90 per cent of its theoret- 
ical candle hours during one thousand hours of burning, candle 
maintenance and mortality both considered; and if, on this 
basis, we call the raw carbon filament lamp 100, the various 
tvpes will rank as follows: 


Raw carbon filament lamp.................... 100 
Treated carbon filament lamp............... 119 
Gem filament Tampa saa eer чето А 149 
Tantalum flamentlamp....................... 206 
Tungsten filament lamp....................... 359 

I have not complete data for the new lamp 
but it surely would have a rating оЁ................. 600 


We should not consider these developments as extending the 
lives of lamps. Their success should rather be gaged by their 
energy saving. The real advantage of any improvement in the 
incandescent lamp is utilized bv raising efficiency rather than by 
prolonging life. 
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The way for the new lamp was to a great extent prepared 
by the production of ductile tungsten. Methods of shaping 


- the drawn tungsten wire into helical coils have been so developed 


that they are of signal assistance. Accuracy of control of wire 
diameter, which, one may say, has almost reached perfection, 
will doubtless add speed to the commercial development of this 
latest lamp. 

William McClellan: I ask whether Dr. Langmuir in closing 
will say a word about frequency in connection with the lamps, 
especially low frequencies, with low-voltage lamps. Is there 
any difference between that and the ordinary tungsten lamp? 

Irving Langmuir: Different frequencies of alternating cur- 
rent? 

William McClellan: Yes. The point is that the ordinary 
carbon lamp at 25 cycles, low wattage, does not flicker so that 
it can be noticed. When you come to the tungsten lamp it 
flickers considerably. I am interested in knowing whether the 
new type of lamp will be different from the tungsten, or practi- 
cally the same. 

John W. Lieb, Jr.: The question naturally arises, what is 
going to be the effect of this great movement forward in lamp 
efficiency on central station service, and what is its effect going 
to be on the general question of improvements of efficiency and 
life of incandescent lamps? Undoubtedly these new lamps will 
necessitate a revision of our criteria which have prevailed hitherto 
as to what should be considered as the useful life of the lamp. 
Useful life, as we know, has been established in accordance with 
general agreement that when the lamp has depreciated in candle 
power to 80 per cent of its initial value the useful life of the lamp 
has ended; it has reached the “smashing point." Now, with 
these new developments 3n the lamp, and the increased ef- 
ficiencies which have been attained, it will be necessary for us 
to modify our figure, or at least give 1t new consideration in the 
light of the electrical data which these new lamps present. The 
central stations have long ago passed that period when they could 
afford to exhibit any fear as to the ultimate result of an im- 
provement in the art, in any direction in which the art might 
progress. This new development will help to reach that con- 
summation which we have all been hoping for, that the electric 
light will reach the humblest home and be as easily accessible 
to the humblest of our citizens as kerosene. 

Another question which is raised by these lamps is, what will 
become of the arc lamp? І think it is no empty prediction that 
the arc lamp under the impulse which this new development 
produces, will achieve further advances to put itself in line to 
continue the contention with its new competitor. 

M. G. Lloyd: We are told that the nitrogen is at about one 
atmosphere pressure. I ask the reason for using that particular 
value. I should like to know whether it is considered objection- 
e to have a higher pressure than one atmosphere inside the 

ulb. 
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H. M. Fales: Telephone companies are interested in the suc- 
cess of the tungsten lamp for street lighting purposes, The 
present carbon arc lamps produce variations in the lighting cir- 
cuit of such frequencies that serious disturbances are often caused 
inductively in telephone circuits located on the same street. 
With tungsten lamps this is not the case. The disappearance 
of inductive disturbances in telephone circuits has already, 
in a number of cases, been traced to the substitution of tungsten 
lamps for arc lamps. 

Farley Osgood: I might suggest that Dr. Langmuir in closing 
say a word about the stability of these lamps. Our friend Mr. 
Lieb has indicated the possibilities of it for arc use, which is 
very interesting to operating engineers. 

Iriving Langmuir: The difference in brilliancy, pointed out 
by Mr. Taylor, between the inner and outer portions of the helix 
as thrown on the screen, is due, I think, principally to reflected 
light from the inner sides of the turns. In other words, the 
conditions in the interior of the helix more nearly approach 
those in a so-called “ black body " furnace. The difference in 


‘temperature between the inner and outer part of the wire may 


be approximated by calculation, and is found to be less than 10 
degrees, an amount to small to account for the large difference 
in brilliancy. 

It might at first sight appear that the imprisonment of light 
by reflection back and forth between the adjacent turns of a 
helix causes a waste of light energy. In a sense, this is true, 
but since the heat energy is also imprisoned to nearly the same 
degree, the power needed to heat the filament 1s decreased in 
about the same ratio as the light. The efficiency at any given 
temperature is therefore not seriously affccted by the helical 
winding. Experiments confirm this. 

Mr. Howcll's criticism that the failure of small lamps is due 
principally to breakage and not to blackening 15, I feel, quite 
correct. In writing the paper I had in mind lamps of 40-watt 
size, or larger. Although under the usual operating conditions 
the failure of 40-watt lamps running at normal efficiency is, as 
Mr. Howell points out, rarely due to blackening, yet our experi- 
ments have shown clearly that as soon as the specific consump- 
tion of such lamps is lowered to about 0.8 watts per candle, the 
bulbs blacken relativelv rapidly and the candle pbwer often falls 
to 50 per cent of the initial candle power, or lower, before failure 
occurs. | 

I did not mean to claim іп the paper that we were the first 
to find that water vapor in lamps is injurious, or to suggest evap- 
oration as a cause of blackening. I know that the presence of 
water vapor has been considered extremely harmful, in both 
carbon and in tungsten lamps, from the early days of their manu- 
facture. I have pointed out that evaporation as a cause of 
blackening was one of the theories often applied to the blackening 
of lamps. 
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THE FEASIBILITY OF AN A. I. E. E. HANDBOOK 
REPORT OF THE HANDBOOK SUB-COMMITTEE 


HAROLD PENDER, CHAIRMAN 


— 


HE Handbook Sub-Committee of the Electric Power Com- 
mittee was created at the instance of President Mailloux 
to consider the feasibility of the Institute’s compiling a handbook 
to be issued to its members, and also to present the idea for dis- 
cussion, in order thereby to determine the feeling of the members 
‘at large regarding such a project. As pointed out in the remarks 
by Mr. Thomas, Chairman of the Engineering Data Sub-com- 
mittee, the question presented to the Handbook committee was 
that of the collection and presentation of exact data, which 
would include formulas, physical constants, or other commonly 
accepted standards. The suggestion that the Institute bring 
together such information is not entirely new, but there has 
been little recorded discussion upon the matter. 

There have been a few instances of other technical societies 
in the country issuing to their members hand books or manuals 
of a nature somewhat similar to that suggested above. One 
example is that of the Society of Automobile Engineers, which 
has compiled a handbook of technical data of special value in 
the design of automobiles and their accessories. This book is 
issued in loose leaf form and is sent to all members of the Society. 
As regards a similar book for the use of Electrical Enginec s it 
would appear that there are few points which could be treated 
in an Institute handbook which are not already covered to a 
greater or less extent in the existing handbooks of publishing 
houses. Some of the material in the existing books might be 
expanded for the use of electrical engineers engaged in special 
lines of work, but it is doubtful whether the probable limited 
sale of such “ unabridged " tables and date would warrant their 
publication. 

The National Electric Light Association issues a book known as 
the “ Electrical Solicitors Handbook." This book is made up 
chiefly of cost data and catalog information. It is intended 
primarily for the use of solicitors for electric light companies. 

385 
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The N. E. L. À. has also issued an “ Electrical Meterman's 
Handbook." There would not seem to be a great call for the 
Institute to compile a book of such specialized character as these. 

Another instance of a handbook issued by a technical society 
is the “ Engineering Manual " which will be issued shortly by 
the American Electric Railway Engineering Association. It 
is understood that this book will contain information on the 
existing standards and recommended practices of the association 
as contained in the past transactions of the society. To some 
extent this work appears to be similar to the standardization 
rules of the Institute which are now bcing revised by our Stand- 
ards Committee. The А. E. R. E. А. manual will evidently 
be more extensive than the Institute's “ Standardization Rules ” 
because in electric railway work it has become customary for 
committces to standardize many dimensions and practises, a 
policy which can scarcely be adopted in the general field of elec- 
trical engineering. 

Such considerations have convinced the majority of the mem- 
bers of the Handbook Sub-committee that the project of the 
A. I. E. E. compiling and issuing a handbook of technical data 
is neither especially desirable nor is it practicable. 

One member of the committee believes that the Institute can 
do valuable work in exerting its influence upon the publishers of 
the present handbooks to combine their efforts into the produc- 
tion of the “ Ideal” electrical engineers handbook. It is 
questionable, however, whether the commercial interest involved 
would consider such a proposal, although no one can deny the 
inconvenience to the user of having two or more handbooks 
covering practically the same ground, as is now the case, due 
to commercial compctition. 

During the discussion of , the committee upon the possibility 
of an Institute handbook, two suggestions were made which 
appear worthy of presentation for discussion. The first of these 
was to the effect that the information contained in the present 
volumes of the TRANSACTIONS might be condensed for presenta- 
tion to the members. At first glance, such a step appears de- 
sirable, for there is a vast amount of valuable information con- 
tained in the Institute papers which is lost to most of the mem- 
bers two or three years after the paper is presented, because of 
the time required to discover its existence. If the data re- 
garding electrical enginecring facts and methods contained in 
the TRANSACTIONS could be condensed into small space, the book 
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would be exceedingly valuable. The members of the committee 
undertook to try this condensation of the material upon selected 
topics, but found that the work which would be involved in a 
systematic condensation of the papers covering a number of 
. years, would be enormous. To carry out this work in a reason- 
able time would be beyond the powers of acommittee. To 
carry out the work by salaried officers would cost so much that 
it has not appeared to the members of the committee that the 
project was feasible. The difficulty of getting at the informa- 
tion contained in the TRANSACTIONS upon a particular topic has 
also been lessened to a great extent by the two volumes of 
indexes of the TRANSACTIONS from 1884 to 1910, the second of 
which has just appeared. 

Another suggestion was that the Institute might compile 
volumes of papers upon certain subjects, such as transmission 
lines, traction, telephony and telegraphy and the properties of 
material. These volumes could contain papers selected from 
those presented before the Institute and also certain papers pre- 
sented before other societies in this country and abroad. Such 
a compilation would place in handy form a large portion of the 
most valuable contributions on those special topics during re- 
cent years, and would be of great value to the members of the 
Institute who are interested in the topics which might be covered. 
These books might be published by the Institute itself or an ar- 
rangement might be made with one of the large publishing 
houses similar to the special arrangement made with the McGraw 
Publishing Company in 1905 for the publication in one volume 
of the papers on high-tension power transmission presented 
before the Institute under the auspices of the High-Tension 
Transmission Committee from 1902 to 1905. This book and 
a companion volume containing the papers on high-tension power 
transmission presented before the International Electrical Con- 
gress in St. Louisin 1904, were well received and another volume 
of Institute papers on the same subject might be compiled to 
advantage in the near future. 


DISCUSSION 


H. M. Hobart: A member of ап Institute committee 
could not put any better efforts into the work of contributing a 
section to an Institute handbook than he could in the case of a 
handbook brought out by an independent publisher. The mem- 
bers of Institute committees are usually in their daily profes- 
sional activities so burdened with tasks of an exacting nature 


388 A. I. E. E. HANDBOOK [Feb. 25 


that it is impracticable for them to make contributions requiring 
hundreds of hours of their time. 

However they can make contributions of much greater value 
in their capacity of members of a committee of a body devoted 
to the advancement of the interests of the electrical engineering 
profession. In this capacity they can so direct and influence 
large activities as to increase the efficiency of these activities 
and they can also precipitate useful dormant forces into activity. 

I consider that the Institute could with entire propriety em- - 
ploy its influence in such directions as would be most effective 
in bringing into existence a handbook of electrical engineering 
out of all proportional superior to any which has yet been pub- 
lished, or is likcly to be published in the immediate future. The 
plan would be to invite representatives of the leading publishers 
to a conference at which the endeavor should be made to bring 
about an understanding of the following kind. There are prob- 
ably not more than half a dozen publishers in America who issue 
engineering handbooks which enjoy a wide sale. Three or 
four out of this half dozen publishers cach issues a handbook of 
electrical engineering. No one of these handbooks is at all 
satisfactory, nor is there any prospect that the new editions 
about to be issued will be toany very grcat extent better than the 
editions now on the market, though doubtless there will be de- 
cided improvement. It is chiefly because the market is so di- 
vided up by the three or four handbooks that there is not a 
sufficiently great turn-over for any one handbook to yield the 
profit essential to expending more than a certain sum in the 
preparation of the handbook. Suppose, for instance, that each 
of the four leading handbooks of electrical engineering enjoys 
a circulation of 5000 copies. Few electrical engincers buy more 
than one of these handbooks. Probably the total issue of 20,000 
copies of the four handbooks is taken by 15,000 engineers. 
Each of these 15,000 engineers puts up with a very inferior 
article. If the rival publishers should agree to leave the field 
of publishing an electrical engineers! handbook to one of their 
number, then the undertaking could be made so much more 
renumerative in view of the larger edition which could be pub- 
lished as to permit the improving of its quality 200 or 300 per 
cent. Even then it would still fall far short of the ideal. But 
it would be so much better that the total sale would probably 
run to some 50,000 copics as against 20,000 copies representing 
the combined sale of the four inferior handbooks. Certainly 
if the Institute sub-committee could by mcans of such a confer- 
ence or series of conferences, bring about this result it could 
consider that it had rendered a very great service to the elec- 
trical engineering profession. 

The question naturally arises whether it could be reasonably 
expected that so successful a result could be brought about. 
There would be no hope of this unless cach publisher could be 
satisfied that his own interests would be served. It is believed 
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that this would be the case. The publisher who should be al- 
lotted the electrical engineering handbook would agree to limit 
his hand book-publishing activities to that particular undertak- 
ing. Some other publisher would be allotted the mechanical 
engineering handbook, the third the civil engineering handbook; 
the fourth a handbook dealing with naval architecture and marine 
engineering, and so on. In bringing about this undertaking 
it would be of advantage if the committee could be reorganized 
into a larger committee which should have in its membership 
representatives of other societies such as the American Society 
of Mechanical Engineers, the Society of Naval Architects, and 
others. It would even be reasonable (although it should not 
be necessary) that the various engineering institutions concerned 
should stand prepared to subsidize such undertakings, in the 
event that it could be absolutely demonstrated by the publishers 
that their interests would be jeopardized by the plan in ques- 
tion. Probably a better plan would be some scheme of in- 
surance so that the engineering institutions should be pre- 
pared to come forward and make up the return to such an 
amount that the publishers should incur no risk of decreased 
net profits. In equity, however, such an arrangement ought 
to include one whereby any profits above a reasonable amount 
should be set aside and should go toward decreasing the price 
of future editions, or else still further improving their quality. 

It might even be considered within the realms of probability 
that by sufficiently prompt action any publishers who may be 
at present concerned in undertakings relating to new editions 
of electrical engineering handbooks could be induced to 
reconsider their plans and substitute for their rival editions 
a single electrical engineering handbook of vastly superior quality. 
It is quite probable that it could be demonstrated that in spite 
of the expense which may already have bcen incurred in the 
preparation of their new editions, the same net profits could be 
insured to the publishers by this re-arrangement of their plans. 

In connection with the other project to which allusion is made 
in the sub-committee's report, I am of the opinion that while the 
sale of the republications of the power transmission papers was 
not large, nevertheless the interests of the electrical engineering 
profession were greatly promoted by their republication. I con- 
sider that the time is auspicious for adding to these two volumes 
two or three more volumes on the same subjects. I believe, 
however, that instead of confining the undertaking to papers 
presented before the American Institute of Electrical Engineers, 
there should, by arrangement, be included the most notable and 
valuable papers on these subjects which have been read during 
recent years before other institutes, such as the Institution of 
Electrical Engineers of Great Britain, and the National Electric 
Light Association. These papers should be accompanied by 
the discussions which occurred at the times of their presentation, 
as such discusssion are often of more value than the original 
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paper. It is believed that a volume could with advantage 
be added to this set every two or three years. I do not wish to 
indicate that there would be large sales for such volumes, 
nevertheless I believe that editions running well on toward 1000 
copies could be readily disposed of in the course of a few years 
from the date of publication, and that an edition of such a size 
could be disposed of at a reasonably low price without incurring 
апу loss. Неге again would be a good opportunity for co-opera- 
tion in the sense that the American Institute of Electrical En- 
gineers could arrange with the Institution of Electrical Engineers 
of Great Britain that one of them should carry on this scheme 
with respect to papers on high-tension power transmission, 
while the other should render a similar service by taking up, say, 
central and substation design and operation. I am of the opin- 
ion that especial value would attach to an undertaking of this 
sort which should deal with electrical railway papers. Much 


valuable work in this field is buried in the transactions of various ` 


socicties and congresses and it could with great advantage be 
brought together in a series of volumes. The chronological 
order should be observed in the preparation of these volumes, 
and papers originally read so long ago as in the nineties, would 
be of much value if resurrected in this way. Instead of confining 
the undertaking to the papers which have been presented before 
the American Institute of Electrical Engineers, it would be pre- 
ferable to include a large number of other good electric railway 
papers which have been read on other occasions. Amongst 
these occasions are, for example, congresses such as those which 
have been held at St. Louis, Turin, and various other places. 
Many valuable railway papers have been read before small 
societies, such as the Rugby Engineering Society, and the 
Liverpool Society. I do not propose that all electric railway 
papers coming in these categories should be included, but that 
the entire collection should be rigidly scrutinized and weeded 
out until a residual group of very high value should remain. 
After once bringing such a set of volumes down to the present 
time, a volume should be added every couple of years or so. 


To be presented at the 2nd Midwinter Convention 
of the American Instituie of Electrical Engineers, 
New York, February 27, 1914, under the auspices 
of the Electric Power Committee. 


Copyright 1914. By A.I.E.E. 
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RECORDING DEVICES 


BY CHARLES P. STEINMETZ 


ABSTRACT OF PAPER 


The author calls attention to the importance of keeping records - 
in electrical systems and points out that proper records can be 
secured only by automatic recording devices largely because of 
the uncertainty of the personal element in times of accident or 
stress. The three types of recording devices in general use 
are those having a revolving disk, those using an endless tape or 
photo-film, and multi-recording device on which no record is 
made of normal operations and on which the record sheet moves 
only when a record of abnormal occurrences is being made. 
The revolving disk machines produce such condensed records 
that a sequence of rapidly fluctuating events cannot be dis- 
tinguished, while the curve drawing instruments, if the tapes 
were run rapidly enough to show all the fluctuations, would 
produce records of such enormous length that they would be 
impracticable to operate commercially. With the multi- 
recorder the record 1s made in a very condensed and handy 
form and its accuracy in respect to time is very high, so that 
the sequence of events recorded can be checked within a frac- 
tion of a second. The latter instrument, therefore, is adapted 
to produce minute and accurate records of all phases of station 
operation. 


HILE the keeping of records is essential in any business, 
it is especially important in the operation of electrical 
systems, and thus records have always been taken of voltage, 
current, power, of the time of starting or stopping generators 
etc. in electrical systems. 
Perfect reliability however can be secured only by automatic 
recording devices. | 
For instance, where it is the duty of the station operator to 
keep constant voltage, the voltage record made by noting down 
the voltmeter readings at constant periods of time would prob- 
ably show uniformity, while an automatic recording device may 
show bad fluctuation between these times. A protection 
against neglect or carelessness of taking records, and a check 
on the operating force, is afforded only by automatic recording 
devices. But especially when things go wrong, when accidents 
happen, and the necessity of action interferes with careful ob- 
399 


400 STEINMETZ: RECORDING DEVICES [Feb. 27 


servations, the human machine more or less breaks down and 
only automatic devices are reliable in recording the events. 

Automatic recording devices are therefore extensively used: 
Revolving-disk recording voltmeters, ammeters, thermometers, 
steam flow meters etc.; curve drawing instruments; the oscillo- 
graph. i 

Im the revolving-disk recording meter, a 24-hour, or 12-hour 
record is made on a circular chart. The shortest time interval, 
which can, under industrial conditions, be accurately noted on- 
these instruments is not much less than a quarter of an hour. 
Where the quantity changes slowly, as the temperature of a room, 
a clear chart is given. Where, however, more rapid fluctua- 
tions occur, as with current and often with voltage, the chart 
shows only a broad blur, and neither the individual variation 
nor the sequence of events can be seen, but merely the maximum 
and the minimum values estimated. 

Curve drawing instruments, in which an endless tape moves 
with greater or less rapiditv, in front of the recording pen, are 
used for records of more rapidly changing events, as current, 
voltage, speed, acceleration of a rapid transit train cycle, etc. 
But to take a continuous record of an interurban railwav sub- 
station by a curve drawing instrument moving sufficiently 
rapid to show all the fluctuations, would be feasible only in special 
investigations; but the enormous length of the record would ex- 
clude it in commercial operation. 

One of the most rapid recording devices is the oscillograph, 
and its use has been of material assistance in electrical develop- 
ment, for instance in giving information on momentary short 
circuit currents of alternators, on the performance of circuit 
breakers and other problems, upon which information could be 
derived in no other way. But the taking of a continuous record 
of station operation by oscillograph obviously is out of the ques- 
tion. 

While automatic recording devices are necessary in the nor- 
mal operation of electric systems, they are still much more es- 
sential under abnormal conditions, when things go wrong, and 
accidents happen. Usually no serious difficulty exists in design- 
ing apparatus to operate satisfactorily under normal conditions; 
also no serious difficulty exists in operating a system under 
normal conditions, but to meet the abnormal changes of acci-' 
dental conditions is the serious problem of the electrical designer 
and of the station operator. 
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We really know relatively Httle of the abnormal conditions 
which are met in electrical operation, and most of our knowlcdge 
is rather theoretical, representing what might happen; but exact 
information of what actually happens is extremely limited. 
When some accident happens, whether it be the failure of 
& transformer, or the shut-down of a big system, usually an 
investigation is made, reports called for, and the witnesses 
cross examined. But the information gleaned from these ex- 
aminations is practically always unsatisfactory and incom- 
plete. Frequently no trained observer was present, or so many 
things happened almost simultaneously, that most of them could 
not be observed. The circumstances are very unfavorable for 
exact observation. The necessity of immediate action ex- 
cludes close observation and almost always excludes immediate 


Fic. 1 


noting of the observations, so that the record must be based 
on the memory of the observer, which is not very reliable in 
times of excitement. The personal element also comes in, the 
natural tendency of avoiding personal responsibility for the 
accident. The sequence of the events, which is all important 
for the understanding of their cause, is rarely noted in the excite- 
ment, and thus such examination hardly ever definitely fixes 
the cause of the accident, without the necessity of very extensive 
guessing of more or less questionable reliability. It is, however, 
of the greatest importance to the operator as well as the man- 
ufacturer of the apparatus, to know exactly what happened, so 
as to guard against its recurrence, and to fix the responsibility. 

For instance; in a large high voltage transmission system, 
partly illustrated diagrammatically in Fig. 1, a big transformer 
T in the generating station, a high-tension switch S in the gen- 
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erating station, and a transformer Т” at the end of a branch 
line are destroyed. At the same time a flashover occurs on the 
transmission line L. 

Postmortem examination of the transformer showed numerous 
arc burns on coils and on the tank, and the coils badly deformed 
and bent out of shape. Questioning of the operators elicited 
the information, that lightning has been frequent during the 
period preceding the accident. One operator believes to have 
noticed static in the station for some time before the accident. 
It is suspected that numerous short circuits have occurred in 
the lines during the weeks preceding the accident. 

This information is altogether too meagre to find out beyond 
doubt what actually. happened. We can only theorize what 
may have happened, for instance: 

1. An arcing ground occurred on the line L, producing moder- 
ately high frequency—a few thousand cycles. This lasted for 
some time, possibly hours, until the high frequency broke 
down somewhere, either by electrostatic heating of the insula- 
tion, or by the continual impact of the oscillation. It broke 
down to ground in the station transformer T, and thereby 
caused a short circuit through transformer Г апа line L. The 
high tension switch S, in attempting to open this short circuit, 
failed due to the excessive current and the superposed high 
frequency oscillation, burned up and so created a dead short 
circuit at the transformer terminals. The mechanical magnetic 
forces resulting therefrom in the transformer, moved the coils. 
The shock of the short circuit broke down the transformer 7" 
at the end of the branch line. 

2. Numerous flash overs had occurred during the preceding 
weeks in the transmission lines, resulting in heavy short cir- 
cuits. While the transformers were strong enough to stand 
occasional short circuits, the short circuit stresses were so enor- 
mous, that continual short circuits gradually impaired and finally 
broke down a transformer T. This resulted in the destruction 
of the circuit breaker S, the failure of the second transformer 
T’ etc. 

3. Lightning entering the line L started a high frequency 
cumulative surge in the transformers, producing spark dis- 
charges betwcen the coils. The same or another lightning 
stroke flashed between the lines, caused a short circuit, result- 
ing in the destruction of the circuit breaker. The spark dis- 
charge in the transformers finally led to short circuit, which 
distorted the transformer coils. 
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4. Aninternal oscillation in the transformer, due to entrance 
of high-frequency lightning, or resulting from an arcing ground 
on the line, caused spark discharges in the circuit breaker, lead- 
ing to its destruction. The short circuit resulting therefrom, 
moved the transformer coils and brought them sufficiently 
near to either end of the tank, to cause arcing over, with the 
resulting destruction of the transformer. 

Numerous other combinations of the phenomena could still 
be devised, to account for the accident, for instance, the trans- 
former Т” at the end of the branch line may have broken down 
first, and the accidental arc may have produced the high fre- 
quency, which damaged the circuit breaker and main trans- 
former, and flashed over the transmission line, etc. But whether 
the trouble started with a high frequency oscillation in the 
transformer, or resulted from a high power short circuit, or 
from lightning, or from an arcing ground on the line, or from 
a combination of two cases, as high frequency oscillation and 
short circuit, cannot be obtained from the available sources of 
information. Neither can it be determined, whether the trans- 
former was mechanically too weak to stand a short circuit, or 
whether it was weakened by frequent short circuits combined 
with high frequency disturbances. It is, however, of importance 
to the manufacturer to fix the responsibility, and to know 
whether the transformers are mechanically too weak and should 
be made stronger, and correspondingly more expensive, or 
whether and what additional protective devices should be de- 
veloped. And it is of still greater importance to the operating 
companies, to take such steps as will insure reasonable reli- 
ability of operation. 

If automatic recording devices would show what happened 
and the $equence of the happenings, whether the trouble started 
with lightning, or with an arcing on the line, or a linc short cir- 
cuit and how this originated, or a transformer surge in the 
generating station or the branch line, etc., then 1n most cases 
the phenomena could be exactly determined, and with reason- 
able certainty precaution against their recurrence taken. Also, 
less difficulty would usually be experienced in fixing the re- 
sponsibility on the manufacturer of the apparatus, or on the 
operating engineer, or on vis major. As it stands at present, the 
transformers are rebuilt with greater mechanical strength, and 
damping devices against transformer surges installed, and it 
is *hoped" that the phenomena against which these guard, 
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were the causes of the trouble, but we cannot possess the con- 
fidence that the same will not happen again, and if similar 
troubles do occur again, it merely means that some of the other 
various possibilities were the initial cause of the trouble, and 
that the remedy would lie in the installation of an arcing ground 
suppressor, or in grounding the neutral, or in disconnecting the 
grounding of the neutral, or in reducing the sag of long spans 
to eliminate the swinging together of the lines, or in adding 
another disk to the suspension insulators, or in better weeding 
out defective insulators by high frequency testing, etc. 

Numerous such instances could be given. Thus, in under- 
ground cable systems, breakdowns occur frequently in groups, 
or practically simultaneously, and it is difficult to determine 
which cable started the trouble. For some time, often days, 
troubles with feeders may have preceded the break down, and 
if properly recorded, would explain its cause and so give a 
greater probability of guarding against its recurrence etc. 

The difficulty or impossibility of getting complete and exact 
records of what happens in electrical systems, and of the se- 
quence of the events, is the most serious limitation, at present, 
to providing protection to such systems. 

Automatic recording devices thus are of the greatest im- 
portance for the safety of operation of a system, especially 
where reliability is important. However, in case of trouble, 
the sequence of events commonly is so rapid, within seconds 
or less, that such devices must be capable of recording within 
fractions of seconds. The dial instruments, like the revolving- 
disk recording meters, therefore, are out of the question, as they 
show everything within a few minutes as simultaneous. Curve 
drawing instruments would have to run the tape rather rapidly. 
If we assume that 50 records are needed, and allow between 
ї and 1 in. per second as the minimum, about 15 miles of tape 
would be unrolled per day, and to look all this over to see the 
records, obviously is impossible, especially when it is desirable 
to go back for weeks to see what has preceded. With phe- 
nomena like lightning, where several strokes may occur in one 
minute, and then no record for weeks or months, obviously 
any recording device with continuously moving tape is im- 
practicable. Where records are made at more or less infre- 
quent intervals—sometimes, as with circuit breakers, at fairly 
regular intervals, and sometimes, as with lightning discharges, 
at very irregular intervals—an instrument in which the tape 
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does not continuously move, but, as in the typewriter, move 
only when making a record, is essential. 

To give reasonably complete information on the station per- 
formance under normal as well as abnormal conditions, records 
are required of the closing and opening of every circuit breaker, 
of the operation of the lightning arresters, of the appearance 
and duration of high frequency in the lines, of grounds and 
short circuits, possibly of excess currents, of overnormal and 
subnormal voltage, frequency, etc., etc. Considering then, 
that even a small station may connect two or three lines, and 
each line has three phases, and a separate record of each phase 
is necessary, it is obvious that a considerable number of re- 
cords is needed. With a stationary record sheet, moving only 
whenever a record is made, 50 records can easily be taken on 
the same sheet, and a 50 point multi-recorder thus appears as 
a convenient unit. In such a device, a sensitivity of at least 
1 to 4 second is desirable, so that phenomena following each 
other at intervals of 1 second or more, are separately record- 
ing, while everything which occurs within 3 second appears 
as of the same time. Such high sensitivity is desirable to get 
the sequence of events which to the observer may appear 
simultaneous, as the break down of a number of feeders etc. 
At the same time, such great rapidity of action requires a power- 
ful mechanism and when considering that the operating mech- 
anism must be capable of working very many thousand times 
without failure by wearing out, the problem in the develop- 
ment of such an automatic multi-recorder was rather a difficult 
one. Also, when a record comes in within less than £ second 
from the preceding one, while the record sheet is still moving 
in receiving the previous record, the sccond record would blur, 
and this difficulty thus has to be overcome by retarding the 
second record until the taps have come to rest. 

On such a multi-recorder print, one record point should be 
reserved for recording standard time at fixed intervals, thus 
giving the time correction of the clock work which operates 
the recorder, so as to make it possible to record the sequence 
of events occurring almost simultaneously in distant stations 
and noted on different multi-recorders. 

A description of this instrument is given by Prof. E. E. F. 
Creighton, in the A. I. E. E. Transaction, Vol. XXXI, 1912, 
p. 825. | 
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DISCUSSION 


Chas. L. Clarke: Dr. Steinmetz has referred to the tak- 
ing of continuous records by the oscillograph or other curve 
drawing instrument, in which a photo-film or a paper tape is 
reeled off at a constant speed to maintain uninterrupted the 
time-element of the record, and he has in general called at- 
tention to the obvious impracticability of using an apparatus 
of this character adapted for recording events that may happen 
at quite widely separate times, such, for example, as the normal 
switching operations in an electrical system, and which further- 
more is adapted to record with sufficient accuracy as to time, 
a very rapid sequence of events, such as a succession of opera- 
tions by automatic switches brought about by abnormal or 
accidental circumstances, or which will at least give a definite 
indication as to which event happened before all the others 
of the sequence. 

We are, nevertheless, generally accustomed to curve draw- 
ing instruments in which the time record depends upon the con- 
stant progression of a tape, or its equivalent in the form of a 
rotating paper disk. But in order that the record may not be 
of practically immeasureable size and commercially out of the 
question, sacrifice of close accuracy in the time record has to 
be made by running the tape at a very slow speed. Thus a 
rapid succession of recorded events are merged indistinguish- 
ably together as if but one event had happened, and naturally 
there is no way of finding out which occurred first. 

In the multi-recorder a radical departure from the old way 
of continuously recording time by constant motion of a tape 
and superposing thereon the happening of other events, when 
they happen, has been made, and in its place has been sub- 
stituted the method of simultaneously printing upon the tape 
when at rest, the occurrence of a particular event and the time 
at which it takes place, followed by a slight progression of the 
tape to receive the record of the succeeding event and time it 
occurs, and so on. 

This i is all the record that is needed, when vital events to be 
noted are not of a continuous or flux character, but take place 
at definite and recurring instances of time, as, for example in 
switching operations, for recording which the instrument be- 
fore us was primarily designed. The record is kept without 
the use of an inordinate length of tape and 1s in fact in a very 
condensed and handy form; nevertheless, accuracy in respect 
to time is insured to a very close degree. This is the funda- 
mental merit of the apparatus, which has in this instance been 
reliably put in practical form by skillful attention to mechanical 
and electrical details. 

The applications of the multi-recorder that are apparent are 
many, and numerous other uses for it will doubtless be found 
from time to time. 

In the paper describing the device, published in the A. I. E. E. 
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TRANSACTIONS, Vol. XXXI, 1912, abundant evidence is given of 
its value for recording switching operations in an electrical 
system. The record made under normal conditions is a watch 
over the proper performance of duty by the switchboard at- 
tendant, while under accidental and abnormal circumstances 
the instrument not only stands guard over the attendant to 
record his correct moves, or his blunders, but may be adapted 
to pick up and record the shortcomings of the system in respect 
to the matters that are outside his jurisdiction, or his ability 
to control. 

Its action is so rapid that the sequence of operation of oil 
switches can be noted. Time-element relays can be checked 
to the nearest second. Duration of accidental short-circuits 
and surges can be recorded. It notes whether a feeder is alive, 
and if so, the time when, and initially from which end, it was 
energized. It may keep watch over the care of aluminum light- 
ning arresters in respect to charging them properly and at correct 
intervals, and that they are not abused by charging them for 
too long a time.. The connections of the multi-recorder can be 
used to make the load. dispatcher's dummy switchboard in a 
power station automatic. More rapid switching can be carried 
on, as the exact conditions are always before him. Signals and 
responses from one part of the station to another can be recorded 
also starting, synchronizing and stopping generators, operation 
of ventilating motors, and various auxiliary apparatus. De- 
termination of the value of the overhead ground wire of a 
transmission line by recording the lightning strokes (ordi- 
narily recorded by puncturing paper) is feasible, in which ap- 
plication the instrument would take the place of a large corps 
of observers located along the line, and with elimination of the 
confusing uncertainties of many observations tempered by the 
personal equation of different individuals. 

The probable utility of the multi-recorder in automatically 
noting the time and duration of application of successive Steps 
in manufacturing processes suggests itself; it might be a process 
for making insulating material, requiring exact intervals of 
application of current potential and heat, or processes in a 
chemical works, Or in refineries, etc. It might be applied in 
boiler rooms of large power stations to check the testing of 
gages the opening and closing of valves, dampers, firing opera- 
tions, etc. 

'The operations going on in railway switch towers at import- 
ant crossings and at large yards and terminals are easily within 
the ability of the instrument to record; likewise record may be 
made at headquarters of the calls from police telephone and 
fire alarm boxes. 

Tally can be kept on the operation of some machine tools, 
for instance, punch presses, to insure that the normal output 
is forthcoming. 

The time when employees come on and go off duty can be 
centrally recorded. 
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We have before us the 24-hour power log of a cement manu- 
facturing company, in the form of a large shcet ruled off verti- 
cally for time, and horizontally for apparatus, and for various 
other data, the record of which is to be noted each hour. The 
record for “apparatus in operation," includes engine driven 
generators, exciters, air compressors, condensers, pumps, stoker 
engines, boilers, and fifty-one motors; there are also places for 
record of load curve, watt meter readings, general data, mis- 
cellaneous readings, coal data, and crews on duty. 

This log is filled in daily by hand. The record for all the ap- 
paratus noted above could be made by a multi-recorder, and 
also that for the crews on duty. The application would in this 
instance be easy, and not necessarily call for an automatic 
electric contact device on the apparatus to cause a record. 
The duty of the man on the job would simply be to press one 
electric button when an apparatus was started, and press an- 
other when it stopped. This I believe would insure proper 
attention to duty in most cases. The man would know that 
his record was made beyond his ability to alter it, when he 
pressed the button, and he would be likely to sce to it that the 
record was made at the right time. If, however, circumstances 
should make it important to record the operation of apparatus 
beyond any doubt, a suitable electric switch device could be 
applied thereto; this would absolutely prevent tampering with 
the time recorded. The log now used presents every oppor- 
tunity for tampering, to the extent that the operative learns 
from experience what can be done without detection; it also offers 
a chance for errors resulting from not making a record at the 
proper time, but neglecting so to do and trusting to memory 
to fill it in at a later time. The face of this log 15 an additional 
suggestion of possible fields for the commercial application of 
the multi-recorder. 
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A COMPARISON OF THE TELEGRAPH WITH THE 
TELEPHONE AS A MEANS OF COMMUNICATION 
IN STEAM RAILROAD OPERATION 


BY M. H. CLAPP 


ABSTRACT OF PAPER 

Brief historical descriptions of the use of the telegraph and the 
telephone on railroads are given, the first train having been hand- 
led by telegraph in 1851 and the first handling of trains by tele- 
phone on long stretches of main line track having started as late 
as 1907. 

In comparison with the telegraph, the telephone circuits cost 
more to install and operate, but effect a saving in the operation 
of the railroad, both directly and indirectly, as it is possible to 
move trains over the road more rapidly. 

The advantages and disadvantages in comparing the telegraph 
with the telephone are summarized as follows: 

In Favor of the Telephone. Universality, saving of time, rapid- 
ity of transmission, psychological effects, promptness in raising 
Offices, no necessity of specially trained operators, saving in ex- 
pense of railroad operation, and best operation of circuit in heavy 
weather. 

In Favor of the Telegraph. Flexibility in handling circuits, sim- 
plicity in installing, maintaining and operating, circuit best adap- 
ted for long distances, effects of distance in transmission, saving 
in cost of installation and maintenance, and the standard of main- 
tenance. 

In considering what are termed the four methods of communica- 
tion, namely: by personal interview, by letter, by telephone or 
telegraph message, and by telephone conversation, attention is 
called to the fact that the use of the last-mentioned method by 
the railroads in this country has not been carried as far as it should. 


N MAKING a comparison between the telegraph and the 
telephone in their application to railroad operation, it 
is the purpose to state first the principal physical character- 
istics of each; secondly, the respective costs of providing and 
maintaining them, and, finally, the relative advantages and 
disadvantages of these two means of communication. A brief 
resume of the early development will possibly serve to make 
clearer the situation which so long delayed the advent of the 
telephone for handling trains. 


EARLY DEVELOPMENT 


From the beginning of the operation of railroads in the 


United States in the early 30's, until the early 50's, a period 
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of twenty ycars, there was no system provided for rapid com- 
munication from one station to another. "Trains were run on 
what was called the ''time-interval system;” briefly, a ruling 
train had the right of one hour against all opposing trains of 
the same class. This practise continued for nearly ten years 
after Prof. Morse had sent his historical message from Washing- 
ton to Baltimore. At about that time the Erie Railroad Co. 
constructed a telegraph line, which was first used, apparently, 
for handling local messages along the road. Finally, in 1851, 
a train was successfully handled by a telegraph order for a dis- 
tance of 14 miles (22.5 km.) From this small beginning the 
handling of trains and messages by telegraph increased very 
rapidly, until, about ten years later, the telegraph was quite 
common on the railroads of the country. Contracts were 
early made between the railroads and the commercial telegraph 
companies whereby the same pole lines were used by both 
parties to support their wires along railroad rights-of-way. In 
the end, the telegraph became an established and invaluable 
adjunct in railroad operation, as will be described in more de- 
tail. 

Although the Morse register was carly done away with, and 
messages received entirely by sound, there was some opposi- 
tion to this on account of the loss of the permanent record, 
especially when dispatching trains. This matter of not having 
a record was one of the principal reasons that the telephone 
was not sooner used for the dispatching of trains; but when this 
objection to the telephone is analyzed, we find that there is 
really no difference between the receiving of a message by sound 
on the telegraph as compared with receiving a message on the 
telephone, as no record is made in either case by the electrical 
or mechanical equipment proper. Apparently some of the per- 
sons who objected to the use of the telephone on account of its 
alleged lack of record, had in mind, when they considered the 
telegraph, the old Morse registers that were first used on the 
early telegraph circuits. 

The railroads early began to use the telephone on different 
parts of their systems. As the commercial development of 
the telephone was very slow in this country up to 1890, it 
would apparently follow that there was not very much use of 
the telephone on the railroads during the same period. How- 
ever, the records show that different railroads in the early 
eighties began to put in telephones for various purposes; not 
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so much, however, to replace the telegraph, as to replace mes- 
senger service and to serve as an auxiliary to the telegraph. 
The replacement of the telegraph by the telephone, to any ex- 
tent, really began only six or seven years ago. It is only during 
this short period of time that extensive installations of telephone 
dispatching and message circuits have taken place, although 
beginning about fifteen years ago there were numerous tele- 
phone circuits erected between terminals and principal offices 
on some of the railroads. "These long-haul talking circuits did 
not primarily replace the telegraph, but in most cases merely 
provided additional means for communication. 

While trains were handled for short distances, principally 
in and about terminals, beginning back in the early nineties, 
it was not until the latter part of 1907 that any real attempt 
was made to handle trains on long stretches of main-line track 
by telephone. The Chicago, Burlington and Quincy road 
was one of the first to use telephone train-dispatching circuits 
on their main lines, and by the latter part of 1908 this company 
had a considerable mileage of its lines dispatched by telephone. 
The principal railroads in the East and the middle West at 
once began to install telephone circuits, so that at present there 
are some 70,000 miles (112,654 km.) of railroad in the United 
States dispatched by telephone. The use of the selective- 
ringing telephone circuit for the dispatching of trains was soon 
followed by the use of the same kind of circuit for the hand- 
ling of messages. The growth of the telephone message circuit 
has, however, been very much slower than that of the dis- 
patching circuit. The primary reason for this is the fact that 
the telephone message circuit does not meet the conditions on 
the average railroad to the same advantage as the dispatching 
circuit, there being more complications to meet than in the case 
of the dispatching circuit. In general, the message circuit re- 
quires a considerable amount of traffic to justify its use. How- 
ever, it will only be a question of time when all telephone dis- 
patching circuits are paralleled by telephone message circuits. 


A TvPicAL RAILROAD TELEGRAPH SYSTEM 


` The outside and inside plants used by different railroads 
necessarily vary to a large degree on account of the different 
sizes, resources, locations and conditions of the railroads served. 
A description will be given, therefore, of the system on one of 
the large transcontinental railroads with which the writer 1s 
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most familiar, with particular reference to the conditions about 
seven ycars ago, when the present extended usc of the telephone 
for dispatching trains and handling messages had its beginning. 
It will not be necessary to describe in detail the pole lines used 
to carry the wires, either telegraph or telephone. It will be 
sufficient to say that these lines in the United States are in a 
great majority of cases constructed in accordance with the 
specifications of the Western Union Telegraph Co., which is 
substantial construction. These pole lines have at least thirty- 
five poles to the mile, where the number of wires to provide 
for is considerable, and in some cases 40, 50, 60 and even 70 and 
80 poles per mile are used. | 

At first iron was universally used for telegraph wires, the 
size most used being No. 8 B.W.G., thoroughly galvanized. 
This practise, in general, was not changed as far as the rail- 
roads were concerned, except that a considerable amount of 
copper was put up for long-haul circuits. Of course, copper 
wire is used quite extensively near large centers or along the 
seacoast, or wherever corrosion would be troublesome. When 
copper wire is provided, No. 9 A.W.G. is gencrally used. 

The average cost per mile (1.6 km.) for furnishing and erect- 
ing a No. 8 B.W.G. iron wire, including insulators, tie wires 
and pins, is about $25.00. This wire makes a very good tele- 
graph circuit up to 400 miles without any intermediate offices. 
At this distance the wire can be worked either singled, duplexed 
or quadruplexed. With intermediate (way) offices on the line 
the above-mentioned distance would be cut down to about 200 
miles (321.8 km.) The matter of line insulation has a very 
important bearing on the distance that an iron wire or, in fact, 
any telegraph wire can be successfully operated. The dis- 
tances given above assume a high grade of insulation. This 
mileage for the operation of iron wires, however, is ample for 
almost any division of a railroad, so that iron wire is very gen- 
erally used in railroad local (way) circuits, copper wire being 
used between terminals and the principal points along the line. 
On the Northern Pacific system, when telephone circuits be- 
gan to be extensively installed, about seven or eight years ago, 
there were the following mileages of copper and iron wires in use: 

Copper, 4,000 miles (6437 km.) 

Iron, 11,500 miles (18,507 km.) 
There were practically two through copper wires from St. Paul 
to Tacoma, a distance of a little less than 2000 miles (3218 km.); 
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all the rest of the circuits on and between the different divisions 
were iron. At that time this wire plant was considered a very 
good one for the purpose for which it wasintended. 

The cost per mile for providing and erecting No. 9 B. & S. 
gage copper wire including insulators, pins and tie wires, 
varies greatly with the price of copper, but assuming fifteen- 
cent copper, it would be, on the average, about $38.00. 

The equipment of a telegraph office 1s comparatively simple 
and needs no description. The following costs will be of in- 
terest in comparison with the cost of telephone equipment. 

A way station can be cut-in on a telegraph wire, including the battery 


(gravity) in the office, at a total average cost of................ - $12.00 
A switchboard (peg type) large enough to take care of ten wires, 1n 
and out, can be provided and installed at a cost of.............. $42.00 


The cost of providing and installing a twenty-five-line Western Union 
switchboard, with twenty wires cut in and out, and cight sets of tele- 
graph instruments with necessary tables and battery, is about.... $140.00 

Nineteen-conductor cable (No. 14 A.W.G.) suitable for “connecting 
the wires from the line into the offices, can be provided and installed at 
an average cost of 30 cents per foot. 

The average cost of providing and installing a quadruplex set would 


lecti) MORE tit ing ee eRe о ee ena ag DE |... $200.00 
The average cost of providing and installing a single-line repeater set 
would De about: ООЛО КҮКҮК ГКК oer sedeo a dte M A ЕГ $50.00 


At terminals, of course, more apparatus 1s necessary than 
at the way-stations along the line. However, a cost of $400.00 
would provide and install the equipment in almost any terminal 
or relay office along the line, except the very largest. While 
the above-mentioned figures are approximate, and are averages 
for conditions on the transcontinental line with which the writer 
is most familiar, they are believed to be reasonable and to give 
some idea of the cost of providing telegraph circuits along a 
railroad. 

RAILROAD TELEGRAPH TRAFFIC 


On a railroad on which the telegraph is the only means for 
transmitting intelligence quickly from point to point on the 
system, except for short distances in and around terminals where 
the telephone is used extensively, telegraph communication is 
used by all departments and by a large percentage of the employes 
on all occasions and on all subjects. In fact, it is no exagger- 
ation to say in general, that the sending of telegraph messages 
is made so easy that a great many more messages and words are 
sent than necessary. The telegraph office is usually located close 
to the Superintendent’s office at division points, and at General 
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Headquarters is made as accessible to all departments as possible. 
In headquarters buildings, where a considerable amount of 
space and a number of floors are used, pneumatic tube systems are 
provided in order to carry the messages back and forth between 
the different offices and the telegraph office. 

A considerable amount of railroad business is from its very na- 
ture urgent and requires as quick action as possible; for example, 
reports on the progress of trains over the division, the meeting of 
the various emergencies that arise, messages about shipments 
of different kinds, reports of the location of equipment along the 
road, and similar business. 

Each section of railroad has, between terminals, at least one 
message wire and one dispatcher's wire, unless it is a very unim- 
portant section such as a branch line, where one wire, in a great 
many cases, serves the purpose for handling both the messages 
and the dispatching. The length of railroad that can be 
handled by one telegraph message or dispatching wire depends 
upon {һе amount of traffic handled, the size of the towns along 
the line, kind of country through which the railroad is built, etc. 
Ona busy single-track railroad, 100 miles (160.9 km.) would be a 
fair limit for telegraph dispatching of trains by the use of one cir- 
cuit. The facilities necessary for handling the messages would, in 
a great many cases, be the same as those required for the dispatch- 
ing, although there would be a great deal more variation in hand- 
ling the4imessages than the dispatching. Оп an important sec- 
tion of railroad there is usually one message circuit that cuts 
into all offices along the line (way or local circuit) between the 
two terminals, with other circuits cutting into the more impor- 
tant points. 

In order to handle the message service to and from the gencral 
headquarters a system of through circuits is provided between 
the different division points and the general offices. If the length 
of the railroad system requires it, relay and repeater stations 
are established. For example, on the Northern Pacific system 
there are four relay offices between St. Paul, Minn., and Tacoma, 
Wash. In these offices are located, with a few exceptions, the 
multiplex telegraph equipments (duplex and quadruplex); 
there the business is relayed to different offices and terminals 
to which direct wires are not provided. The wire testing is 
also handled at these points. On most railroads in the West the 
operators in the rclay offices are on the pay-roll of the Super- 
intendent of Telegraph and are handled directly by him. This 
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arrangement tends to give uniformity to the telegraph service 
on the system. 

In order to give an idea of the extent of the telegraph system 
on the Northern Pacific, the following list 1s submitted giving 
the assignment, the character of circuit and the mileage to the 
destination of the principal telegraph wires working at the pres- 
ent time out of the St. Paul general office: 


Distance in 


Circuit Assignment Character of Circuit Miles 

St. Paul- Tacoma, Wash........................... Quadruplex 1900 

St. Paul-Missoula, Mont.......................... 4 1250 

St. Paul-Spokane and Pasco, Wash................. * 1650 

St. Paul-Helena, Мопб............................ * 1130 

St. Paul-Billings and Livingston, Mont............. д 1008 
а 


St. Paul-Dickinson, N.D., and Glendive, Mont...... 667 
St. Paul-Fargo апа Mandan, N. D., local, 35 offices...|Quadruplex to Fargo 450 
Single to Mandan 


St. Paul-Fargo, N. D., and Dilworth, Minn. ........ Quadruplex 252 
St. Paul-Duluth, Міпп........................... Duplex 152 
St. Paul-Winnipeg, Man., Local, 32 offices........... Single 483 
St. Paul-Fargo. №. D., Local, 41 offices............. Single 252 
St. Paul Division, Local, 30 offices................. Single ; 170 
St. Paul-Duluth, Minn., Local, 40 offices............ Single 152 


This list includes only the principal circuits and does not in- 
clude certain locals operating out of St. Paul to points in the im- 
mediate vicinity of the Twin Cities. 

While there is no very accurate record of all the messages 
handled between all points on the system, the total 1s estimated 
at about 5,000,000 per year, not including any messages at pres- 
ent handled by telephone. "This would appear to be a large 
number, even when it is considered that the Northern Pacific 
is operating over 6000 miles (9656 km.) of mainline track, and 
it shows, apparently, the free use that is made by this railroad of 
the telegraph message facilities. According to the writer’s 
observations, the conditions in this respect on other railroads 
are not materially different. 

The cost per message for handling communication by telegraph 
will probably average more on a railroad than the message cost 
of the commercial companies, because the messages are handled 
on the railroad in smaller offices, and on circuits on which the 
number of offices is larger. The labor cost per message in 
Northern Pacific relay offices is a trifle over two cents; in offices 
along the line it would be hard to say what is the actual cost 
per message, on account of the multifarious duties of the operators 
at most of these points. 
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PRINCIPAL ADVANTAGES OF THE TELEGRAPH 


The principal advantages of the telegraph are its simplicity 
and its small cost, both as regards installation and in main- 
tenance; this statement being made, of course, in comparison 
with the telephone. There are no very complicated circuits 
in connection with the telegraph, especially at the great majority 
of the offices along the line. The ordinary lineman has no 
difficulty in learning how to install and maintain sets of telegraph 
instruments, and with a little experience, he is able to install 
duplex and quadruplex apparatus, and Western Union peg 
switchboards. In general, no particular care is necessary in 
running telegraph circuits, with respect to one another, in order 
to avoid induction either in the offices or on theline. In making 
the last statement, however, the author fully appreciates that 
telegraph circuits have been seriously interfered with by in- 
duction in certain cases; the conditions 1n mind are those which 
exist, as a rule, on the great majority of railroads where the tele- 
graph is used. Also, a telegraph circuit will operate under 
defective maintenance conditions, such as loose connections, 
unsoldered joints, defective office and cable-box wiring, high 
resistances in series with circuit, etc., where a telephone circuit 
would absolutely fail. In other words, the telegraph circuit 
usually has a considerable amount of margin in operation 
and will stand a large amount of neglect and abuse. The cost, 
as already indicated, 1s small for both line wires and office equip- 
ment, and while copper wire is used to some extent, iron wire 
serves the purpose in a great many cases where it would not 
be possible to use it in connection with the telephone. The 
telegraph, also, has the advantage of being a very accurate 
means of communication. А telegraph sounder makes very 
clear and distinct signals, and to an expert operator, there 15 
no question as to what has been transmitted; and, if the wire is 
working at all, the distance is not much of a factor, because 
the sounder is in a local circuit. 


DISADVANTAGES OF THE TELEGRAPH 


The great disadvantage of the telegraph is its lack of univer- 
sality. It requires a specialist in order to operate it; that is, an 
operator who has spent a considerable amount of time, years 
in some cases, in order to qualify for the work. When carrying 
on a telegraphic correspondence, one is always working through 
some one else, never directly. This condition is satisfactory 
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in handling some kinds of business, but not for all kinds. The 
train conductor out on the line can, in the case of an accident, 
send messages by telegraph to his superior if there 1s a telegraph 
office near at hand in which operators are- on duty, and accom- 
plish certain results; however, if he can talk directly with his 
superintendent, a great deal more can be accomplished. The 
same is true of the section foreman out on the line, the super- 
intendent in his office, and other emploves on the division. 

There is a decided lack of ability to secure information of the 
thousand and one emergencies that arise on a railroad, by 
telegraph, as quickly as desirable. This is due, first, to the fact 
that comparatively few employes on the system can use the 
telegraph directly, and second, to the fact that the telegraph 
is slower as a means of transmitting intelligence than its great 
competitor, the telephone. It takes longer to transmit a train 
order by telegraph than by tclephone. This disadvantage 
of the telegraph is especially noticeable when one attempts 
to discuss any subject over the wire by telegraph, even between 
expert operators; and where it is obligatory to write out the 
necessary questions and answers in the form of messages to be 
sent and received by operators, the supcriority of the telephone 
is even more evident. 

The telegraph is at its best in handling messages that are 
comparatively brief, making definite statements or reports or 
answering definite questions. As soon as one attempts to ask 
several questions on different phases or points of a subject, 
in other words, attempts to discuss it, the telegraph becomes a 
comparatively slow means of communication. 

Trouble is also experienced from delay in getting the offices 
along the line to answer their calls. In case several wires are 
looped into an office, and the operator is busy, he may not hear 
the call when made, or perhaps will pretend that he does not, 
and it is impossible to prove definitely whether or not the call 
` came in properly. Some attempts have been made to meet this 
difficulty by providing a telegraph selector at each station that 
would respond to a certain combination of signals and ring a 
bell for the particular station desired. However, this device 
has not been used to any extent by the railroads. 

There is, also, the trouble experienced in obtaining operators, 
which in recent years has become a scrious problem, especially 
when times are prosperous. A railroad which depends at pres- 
ent entirely upon the telegraph has considerable difficulty in se- 
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curing opcrators of any kind, without much regard for their 
ability. There has been a great falling off not only in the supply, 
but in the grade of men who enter this field. "Twenty or thirty 
years ago, the conditions were strikingly different, for the reason, 
perhaps, that there were not then the many opportunities for 
men to enter electrical pursuits that there are today. Then 
there is the influence of the labor organization. Practically all 
railroads have a strong labor organization of telegraphers with 
which to contend. In making promotions, the labor union 
appears always to desire to have seniority in the service made 
the primary consideration, and ability or fitness for a position the 
secondary consideration. In gencral, this seniority idea tends to 
drive the best men out of the service and prevents the ablest 
men from learning to telegraph. 


THE RAILROAD TELEPHONE PLANT 


The outside plant necessary in connection with the telephone 
is substantially the same as that required for the telegraph, 
except that in practically all cases copper wires are used. Two 
wires, however, are necessary in order to provide a metallic 
circuit, and they must be arranged side-by-side on the crossarm 
and transposed at frequent intervals in order to avoid induction 
and cross-talk from other circuits. All cables used in looping 
telephone circuits into offices must have their conductors ar- 
ranged in twisted pairs, in order to avoid cross-talk. 

The great difference between the telegraph and the telephone 
plants is in connection with the inside plant. Instead of the com- 
paratively simple apparatus, already described, the telephone 
equipment is more or less complicated. There is first the pri- 
vate branch exchange, which has become so important a part of 
railroad operation in so many places. These exchanges are, in 
a great many cases, rented from the telephone companies at the 
usual rates. However, there are numcrous exchanges privately 
owned and operated, the latest type to be used being the 
automatic switchboard. Arrangements are made to bring into 
these branch exchanges the telephone lines of the railroad between 
the different division points and terminals, to facilitate ready 
intercommunication. Also, in some cases, arrangements are 
made so that a railroad official can talk from his office over the 
lines of the railroad company to any subscriber’s station in the 
public exchange system in a distant city or town. 

The cost of telephone circuits for use between the exchanges 
along the line’depends, of course, on the kind and the size of 
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line-wire used. The cost per mile of a No. 9 A. W. G. copper 
circuit in place, on the basis of fifteen-cent copper, is about 
$75.00. The cost per mile of a No. 6 A. W. G. copper cir- 
cuit on the same basis, would be about $150. "The latter cir- 
cuit would give, under ordinary conditions, satisfactory telephone 
transmission up to 1000 miles, while the former would be satis- 
factory up to about 500 miles (804.6 km.). 

The telephone dispatching and message circuits are the most 
interesting and peculiar to the railroad service. "The provision 
of a means of selectively signaling the different stations along 
the line was a problem that took some time to solve satisfac- 
tory. These selectors have different designs and principles 
of operation. In general, the selection is made by a step-by- 
‚ Step mechanism which responds to a certain number of pulsations 
or combinations of pulsations sent over the line, making it pos- 
sible to arrange a large number of selective combinations, and 
thus signal any given station at will, without disturbing the 
others. Selectors are now made that are very efficient in 
operation, and will call selectively as many as 125 stations on 
the same line. At the stations along the line a special form of 
telephone set is installed for the use of the operators. These 
sets have a certain combination of apparatus and wiring 
that provides a so-called “ booster " effect in transmission. 
This is secured bv a switch which is so connected in the 
circuit that when the operator is talking, the receiver is 
short-circuited, and when the operator is listening, the rcceiver 
is connected directly to the line and the transmitter disconnected. 
Head telephones are provided so that the operator may have 
free use of his hands. In the dispatcher's office, special telephone 
sets are used which are wired like thc sets at the way stations, 
except that breast-plate transmitters are usually provided so 
that the dispatchers can move about sufficiently in making 
entries on the train sheets, which are usually of considerable 
length and width. Some of the railroads have experimented 
with, and are using with some success, loud-speaking trans- 
mitters and receivers for the dispatchers. This apparatus, how- 
ever, has not been developed to the point where it can be used 
successfully in all cases. Loud-speaking apparatus is greatly 
to be desired, as the dispatchers complain quite gencrally of 
the hardship of wearing continuously the head telephone and 
the breast-plate transmitter. 

The batteries used at the way stations are in most cascs com- 
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posedofidry cells; they are also used in the majority of cases for the ` 


line-battery in the dispatcher's office. These cells are, on the 
whole, the most economical, as the line current necessary to 
operate a selector is rarely over 10 milliamperes and in some cases 
is as low as 1.5 milliamperes. However, small generators 
are used in some cases to furnish the necessary ringing current; 
storage cells, also, are used, and both are economical where the 
circuits are long and there are numerous busy stations on them. 
In a few cases secondary battery 1s used at the way stations,but 
it 1s not general practise, primary cells being in the great majority 
of cases the most economical. Wet primary cells are often used 
for providing the current for thc dispatcher's transmitter. 

The cost of providing a selector circuit ready for operation 
under average conditions 15 as follows: 

Cost per station of providing and installing the selector and 
telephone equipment, protectors and wiring, both outside and 
inside of the offices, $80.00. | 

Cost of providing and installing the necessary telephone and 
selective apparatus, including the battery, іп the office of the 
dispatcher, $250.00. Assuming that a telegraph pole line is 
alrcady available, the cost of a suitable telephone circuit has al- 
ready been placed at $75.00 per mile, so that the cost of provi- 
ding and installing a selective telephone circuit along 100 miles 
(160.9 km.) of railroad, where there arc thirty offices to serve, 
would be a little over. $10,000. 

A telephone circuit as described above can be used cither as 
a dispatching circuit or as a message circuit. In arranging for 
the handling of messages by the telephone, the operator at the 
terminal office usually remains on the line continuously, thus re- 
quiring signaling in one direction only. Often separate rooms 
arc provided for the telephone operators; but 1n some cases they 
are placed on opposite sides of the same tables which the telegraph 
operators use, with good results. The number of messages 
that can be handled on a telephone message circuit will average 
twice the number that can be handled by telegraph between 
the same offices, especially if a typewriter 1s used in receiving. 

Two very uscful and time-saving auxilaries which are avail- 
able with a telephone system are installations of telephones 
in booths or boxes along the railroad right-of-way at so- 
called “ blind sidings ” (where no regular operators are employed, 


and where there may be not even a station building) and portable: 


telephones for the use of the train crews. Telephones of these 
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types can be used to great advantage by the trainmen in handling 
the many emergencies that arise, and are also of material 
assistance to the dispatcher, in reducing train delays. Order- 
forms for use of the trainmen are usually provided along with 
the telephones installed in booths or boxes and, in some cases, 
special forms of registers are provided in which the order forms 
are placed so that three copies can be made of all orders trans- 
mitted to the trainmen, one copy in each casc being given to the 
engineman, the second copy to the conductor, and the third 
copy remaining in the machine as a record. 

The portable telephone has obvious advantages in the respect 
that it can be used at any point along the road, by making tem- 
porary attachment to the telephone line-wires. Some of the 
railroads, however, have installed telephones in boxes or booths 
along the right-of-way every half mile; in such cases portable 
telephones could hardly be used to advantage. The telephones 
along the right-of-way are usually connected to the dispatch- 
ing circuit so that the trainmen can talk directly to the dis- 
patcher. Where telephones are provided every half mile, they 
are usually connected to a separate line-circuit, and provisions 
are made at way stations for switching it to the dispatching circuit. 

The cost of a booth installed along the right-of-way, with the 
necessary telephone apparatus, depends on how elaborate an 
installation is desired; a very substantial and satisfactory in- 
stallation can be provided for $90.00, but this can be reduced to 
possibly $30.00. A good portable telephone can be purchased 
for $12.00. 

In addition to the uses already described, there are various 
miscellaneous ways in which the telephone can be used on a 
modern railroad. Telephone sets are placed in the observation 
cars of limited trains and connected to the railroad company’s 
branch exchange, so that passengers can talk to parties in the 
city from which the train is leaving, up to the time of departure. 
The telephone is often installed in freight sheds and in freight 
yards so as to provide a means of ready communication from one 
point to another. Special types of telephone sets are installed on 
the desks of officials and so wired that conversations can be car- 
ried on with other officials in the same building by ringing a 
bell as a signal and then simply talking in an ordinary tone of 
voice into the telephone sct, without the use of the ordinary 
receiver or transmitter. Local telephones are installed 1n the 
homes of trainmen for use in calling them for duty, thus saving 
time and avoiding the expense of employing messengers. 
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The method employed in handling train orders by telephone 
contains some points of interest. All figures or names of stations 
occurring in the order are spelled out letter by letter, both in the 
giving of the order and in all repetitions; also, in handling a 
“31” order,! the name of the conductor is spelled out. Тһе 
dispatcher writes the order in his train-order book at the same 
time that he telephones it to the operator or operators on the 
line. Each operator who receives the order repeats it. back 
to the dispatcher, the dispatcher underlining each word or num- 
ber as repeated. In operating a message circuit, the same gen- 
eral practise of spelling out words and figures is followed as 
in the case of the dispatching circuit. The cost of maintenance 
of the telephone is alwavs more than the telegraph, for the reasons 
that the telephone is more complicated and has more equip- 
ment. In the author's opinion, specially trained men should 
always be employed to maintain the telephone station equipment, 
although on some railroads the section linemen are required 
to maintain the telephone equipment; the last plan, however, 
produces in most cases indifferent results, in the author’s opinion. 
In order to maintain properly four selective telephone circuits, 
having an average length of 100 miles each, at least one telephone 
inspector should be provided at a monthly rate of $85.00 with 
expenses, and there should be additional force if there are many 
telephones maintained at different “ blind sidings " along the 
line, or special apparatus installed at various terminals, private- 
branch exchanges, etc. All of this expense is practically in 
excess of what is necessary to maintain the telegraph to handle 
the same work, although, as already indicated, the telephone 
handles a great many transactions that were never attempted 
by tclegraph. 


COMPARATIVE ADVANTAGES OF THE TELEPHONE 


The advantages of the telephone are manv; some direct, some 
indirect and some psychological. The first and most important 
in the author's opinion, is that 1t permits direct dealing between 
the parties desiring to transact business. The superintendent 
can talk directly with his subordinate; the chief dispatcher can 
talk directly with the trainmen out on the line, and апу two em- 
ploves can deal directly with one another, if the proper telephone 
facilities have been provided. "This is what might be termed 

1. A form ' 31 " order requires the signature of engineman and con- 
ductor, whereas a form “19” order does not: sce “Standard Code”, 
of the American Railway Association. 
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the universality of the telephone as compared with the telegraph; 
every one from the president to the section foremen can use the 
telephone directly. The telephone, compared with the telegraph, 
15 а great time saver on account of its speed of transmission. 
Train orders can be handled more rapidly by telephone than 
by telegraph. This is due to the fact that the orders can ac- 
tually be transmitted faster oyer the telephone; also, to the fact 
that the operators along the line can be made to answer the calls 
on the telephone bells quicker than their calls on the telegraph. 
The primary reason for this last condition is the use of four-inch 
vibrating bells for way-station calling signals, which can be heard 
from some distance. Again, an operator does not know what is 
taking place on a telephone line until he comes in on the circuit, 
while, with the telegraph, the operator bv listening can read all 
that is being sent and, in some cases, can judge as to the relative 
importance of the calls for his office. А call on the telephone 
always involves an uncertainty as to what is wanted or who is 
calling; therefore, in order to be on the safe side, the operator 
will unconsciously drop any work in which he is engaged and 
answer the telephone bell when it rings. This peculiarity of the 
telephone constitutes one of its psychological advantages re- 
ferred to above. Furthermore, the calling bell is wired so in 
the circuit that the dispatcher hears it ring, thus removing any 
doubt as to whether the bell actually rang or not. Thisisa very 
important point in favor ofthe telephone, asit removes any chance 
for an argument between the dispatcher and the operator as 
to whether the latter was called. 

Since the dispatcher remains on the circuit continuously, 
the operators along the line can communicate with him without 
calling, by simply coming in on the circuit and stating what- 
ever information they may have to communicate. On this ac- 
count it naturally follows that more detailed information is 
obtained as to train movement, and that the dispatchers can keep 
in closer touch with their work. In using the telegraph a train 
dispatcher 1s not able to transmit his thoughts by onc-tenth the 
speed he could express himself by word of mouth. While a dis- 
patcher cannot send a train order ten times as fast by telephone 
as by telegraph, he can carry on conversations with operators 
and trainmen along the line at this rate, which is a great 
advantage to all concerned. Also with the telephone, the 
necessity is removed of operating trains through the medium 
of a large number of men of varying ability. Then there is 
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the human side of the telephone system; the men along the 
line get very much better acquainted over the telephone than 
over the telegraph, and cooperate to greater advantage. This 
condition was largely unknown when using the telegraph, and 
is not the least of the advantages in the use of the telephone. 

By the use of the telephone, the field from which dispatchers 
and operators can be recruited is naturally broadened. It is 
no longer necessary on a railroad. where the telephone has been 
installed with a sufficient number of circuits to kecp the service 
intact, to depend on telegraph operators, in other words, spe- 
cialists. "There is, for example, one division on the Pennsylvania 
Railroad where out of about 400 operators' positions along the 
line, it is necessary to fill only eight of them with telegraph 
operators. This is a very important point for consideration 
in these days when, as already stated, the supply of telegraph 
operators 1s not cqual to the demand. Also, it is possible to 
use as a dispatcher an employe other than one who has obtained 
his experience in the telegraph or telephone service, as, for 
example, a freight or passenger conductor. 

While a telephone circuit is, in most cases, more susceptible 
to outside influences than the telegraph, experience shows that 
in heavy weather, heavy fog, mist, rain or snow, less trouble 
is experienced with the telephone than with the telegraph; and 
the telephone is affected only to a small degree by earth cur- 
rents or by the aurora borealis. 

Finally, we have for consideration the saving in the opera- 
tion of the railroad by the use of the telephone. Unfortu- 
nately, it is hard to show in all cases a saving, because many of 
the best-known economies are more or less intangible. One is 
generally sure that he is saving time by using the telephone, 
and it seems at least a fair assumption, that there 1s a correspond- 
ing money saving. The psychological effects can be capital- 
ized to some extent, but it is generally difficult to doit. Inthe 
way of direct saving, the ability of the dispatcher to get his 
trains over the division quickly, thereby economizing in opera- 
ting expenses, 1s the most evident, and easiest to understand. 
This is especially noticeable in the amount of overtime that 
can be saved in the pay rolls of the trainmen and the engine- 
men. As it is conservatively estimated that the trains can be 
handled over a division from 10 per cent to 20 per cent more 
rapidly by telephone than by telegraph, an approximate eces- 
timate of the overtime saved can be prepared by considering 
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a certain operating division before and after the telegraph is 
replaced by the telephone. For example, on a certain division 
where the Northern Pacific is now installing the telephone, 
both for handling trains and for handling the moessages along 
the line, it has been estimated that a saving of about $200.00. 
per month will be made in overtime paid to trainmen and engine- 
men, to say nothing of the other indirect savings of which men- 
tion has already been made. In some cases, a direct saving 
can be made by using a smaller number of dispatchers when 
handling a given section of railroad by telephone, as compared 
with the telegraph. For example, there is a division on the 
Northern Pacific which is made up of four consecutive dis- 
tricts, having an average length of a little over 100 miles each. 
Part of the ycar, the four districts can be handled bv using two 
telephone dispatching circuits; but when there is considerable 
business on the railroad, four dispatching circuits are used. - 
It would be necessary with the telegraph, to handle the four 
districts by using four circuits at all seasons of the year. As 
it requires three dispatchers to handle one dispatcher’s circuit 
during the entire twenty-four hours, and as the salary of a 
trick dispatcher is $155.00 per month, the abandonment of any 
of these positions even for a part of the year is a very desirable 
thing from the standpoint of saving in expenses. 

Savings are also made possible by the installation of telephones 
in booths or boxes at or near small and unimportant stations 
along the line where operators have been employed, thus re- 
sulting in the closing of these stations for a portion of the day, 
at least, and reducing the number of operators. In some 
cases, less expensive operators are employed when the tele- 
phone 15 installed; this practise is quite common on some of the 
railroads, and is done both at the stations along the line and in 
the offices at terminals and hcadquarters. In the latter case 
female employes are often used to advantage, as all that is 
necessary 1s a reasonable familiarity with the business to be 
handled and the ability to operate a typewriter. 


DISADVANTAGES OF THE TELEPHONE 


The principal disadvantages of the telephone as compared 
with the telegraph is its cost of installation and maintenance. 
However, these increased costs are overcome by the savings 
that are made possible. Another disadvantage is that the tele- 
phone, in the present state of the art, is not adapted, on account 
of excessive cost, for use on the railroad for any considerable 
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distance. While there is a circuit about 1000 miles in length 
In operation on one railroad in this country, at lcast, this cir- 
cuit is used entirely as a talking-circuit and is not used for 
message work. It requires a good margin of transmission to 
handle messages over a telephone circuit and, according to the 
author's experience, a circuit equating to more than 26 miles 
of standard? cable should not be used in railroad service; 
at least, not in connection with handling trains or messages. 

While it 1s possible to construct a telephone circuit 2000 
miles (3218 km.) long, or even longer, that would have the 
proper transmission efficiency, it will apparently be some time 
before a railroad can justify such a circuit, from the stand- 
point of first cost and maintenance expense, and benefits de- 
rived. The telegraph will probably continue to handle the 
messages for the long distances, such as 500, 1000, or 1500 miles 
(804, 1609 or 2414 km.) for a considerable time to come. 

The telephone is not as flexible as the telegraph when making 
patches in cases of trouble on the regular wires. For cxample, 
suppose that the entire pole-line is down at some point between 
two terminals, it 1s very easy to re-establish a telegraph circuit 
over some second route, even though it be very circuitous. 
If the circuit is too long for direct working, repeaters can be 
cut into the circuit at intermediate points. For example, it 
is entirely possible for the Northern Pacific to obtain a circuit 
from the Western Union Telegraph Co. via Omaha, Denver, 
Cheyenne, Ogden and Portland, and work directly between 
its St. Paul and Tacoma offices. But it is impossible to es- 
tablish an emergency telephone circuit for the distance in- 
volved in the above example, or for considerably shorter distances. 

The telephone requires a much higher efficiency of main- 
tenance than the telegraph. This is not, strictly speaking, a 
disadvantage. In fact, the telegraph wires and apparatus 
should be maintained as well as the telephone system, but in 
practise this is not done except in very few cases. Also, there 
are more delicate parts in the telephone apparatus, to get out 
of order, than in the telegraph. The required efficiency of 
maintenance is not as easy to establish, on a railroad, as might 
be thought. The telegraph and telephone plant is necessarily 
spread out over the entire system, without very much of it in 
any one place; this makes it difficult to secure adequate super- 


2. Standard cable has a resistance of 88 ohms per unit (No. 19 A. W. 
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vision, and it is not easy to impress upon the different employes 
who have to do with the maintenance of the plant, the im- 
portance of keeping the lines and apparatus in proper condition. 


SUMMARY OF RELATIVE ADVANTAGES OF THE TELEGRAPH 
AND THE TELEPHONE 


The following summary presents the respective advantages 
and disadvantages of the telegraph and the telephone. 

The advantages of the telegraph are: (1) Flexibility in hand- 
ling circuits; (2) simplicity of installation, operation and main- 
tenance; (3) best adapted for long-distance service; (4) least 
affected by distance, in respect to transmission efficiency; (5) 
low cost of installation and maintenance; (6) the necessary 
standard of maintenance is not difficult to secure. 

The advantages of the telephone are: (1) Universality; 
(2) saving of time; (3) rapidity of transmission or dispatch 
of business; (4) psychological effects; (5) minimum delay in 
getting offices to answer calls; (6) lack of necessity of trained 
specialists to operate the service; (7) saving in total expenses 
of railroad operation; (8) minimum impairment of trans- 
mission efficiency in heavy weather. 

I APPLICATIONS OF THE TELEPHONES 


As yet very few railroads are using the telephone as much 
as they could or should. Because many of the economies with 
the telephone are more or less intangible, railroad managers 
are rather cautious in authorizing its wholesale installation. 
They are usually rcadv to authorize telephone dispatching 
circuits, as the savings from them are more easily understood 
than in other applications. In the author's opinion, the up- 
to-date railroad of the future will handle its operating divisions 
entirely by telephone, the telegraph being used only for message 
work for long distances between thc terminals and the general 
headquarters. On the divisions, the tvpical way office will 
have no telegraph instruments, and will depend entirely upon 
the telephone for handling all messages. At all terminal points 
and important offices along the line, private-branch exchanges 
will be installed, which will be connected with cach other by 
means of talking circuits, so that any two employes on the same 
division or adjacent divisions can communicate with onc an- 
other easily and quickly. Telephones will be installed in booths 
or boxes along the right-of-way at frequent intervals, such as 
every half-mile, and the necessary lines and apparatus provided 
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so that trainmen, sectionmen or any one out on the line can obtain 
ready communication with persons with whom they may have 
business to transact. Where portable sets can be used to ad- 
vantage, they will be furnished to such employes as trainmen, 
sectionmen, linemen, signal maintainers, etc., so that con- 
nections can be made directly to the telephone line-wires at 
any point along the line. Ample tclephone service will be 
provided at all points, especially where private-branch cx- 
changes are installed, so that all employes having any legiti- 
mate need to talk to one another can do so without delay, 
whether in the same city or town, or at points on the same 
division, or other divisions, within a possible limit of 1000 miles. 
Also, the railroads will not forget to provide ample service so 
that the public can reach certain authorized employes by tele- 
phone, promptly, when necessary. 

The above outline of the applications of the telephone to the 
needs of a railroad is not entirely prophecy, since there are 
railroads in this country already using the telephone, on portions 
of their systems at least, almost as extensively as contemplated 
in the foregoing description. 

There are four general methods of communication, namely: 
by personal interview, by letter, by telegraph or telephone 
message, and by telephone conversation. There are certain 
business transactions that can best be handled by only one of 
the above methods; there are others that can be handled by two 
or more of these methods; and in some cases, by any one of the 
four. Without doubt there is always one of these methods, 
as a rule, that is best adapted to any particular transaction. 
While a great deal of traveling is done by railroad men, there 
is still, in the author’s judgment, a lack of personal contact in 
a great many of the departments between the man in charge 
and the men in the field; in other words, there is a lack of 
supervision. There is probably no lack in the number of letters 
written; and there is no doubt at all that too many telegraph 
messages are sent. The telephone asa means of communication 
is not, however, used as it should be on the railroads in this 
country. As already pointed out, the local use of the telephone 
has been well developed in a great many places, and the same 
is true of its use in dispatching trains; but its universal appli- 
cation as a means of communication, and its substitution for 
and its use as an auxiliary to the telegraph, have only in a very 
few instances been carried to a logical conclusion. 
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TRAFFIC STUDIES IN AUTOMATIC-SWITCHBOARD 
TELEPHONE SYSTEMS 


BY W. LEE CAMPBELL 


ABSTRACT OF PAPER 


The paper describes a telephone traffic recording machine by 
means of which not only the number of calls for a given period, 
but also the average duration of each call, is mechanically regis- 
tered on a moving tape. The observations recorded here were 
taken on an automatic telephone system. The graphical record 
shows the exact duration of each connection, the number of con- 
nections made during a given interval, and the number of simul- 
taneous connections 1n serviceateach instant. By meansof these 
records it is possible to study the relative efficiency of small and 
large trunk groups, the average holding time of calls, and these 
observations permit the switches and trunks to be so arranged 
that the calls will be evenly distributed among the trunks in each 


group. 


HE WORD “‘traffic” as used in telephone practise applies 

to the volume of calls which a system handles. To meas. 

ure traffic it 1s necessary to know not only the number of calls 

for a given period or interval of time, but also the average 

duration of each connection or call. А knowledge of traffic, 

and the laws governing it, is essential to the proper design and 
operation of either an automatic or a manual system. 


OBSERVATIONS OF TRAFEIC 


In well managed manual switchboard central offices it is 
customary to study traffic conditions by taking peg counts and 
plug counts. А peg count is a count of all connections made 
during a definite time interval by each of the operators. А 
plug count is a count at a definite instant of all plugs in use. 
In addition to these, stop-watch observations must be made to 
determine the average length of connection, or “trunk hold- 
ing time", as it is often called. Where the trunk holding time 
is known, a good way to take both a peg count and a plug count 
has been to use a recording ammeter connected into a circuit 
supplying energy to some or all of the relays; then knowing the 
average ampere-hours consumed by each connection, it is a 
429 
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comparatively simple matter to determine from the ammetcr 
records both the total number of connections made and the 
maximum number of connections existing at the busiest instant. 
The latter is an especially important matter because it determines 
the amount of connecting equipment required to take care of 
the peak load. 

It is very difficult, if not impossible to secure a very accurate 
peg count or plug count. Operators frequently make  mis- 
takes in registering calls during a peg count and observers make 
mistakes in counting plugs; mistakes are also made in distin- 
guishing between cord circuits actually in use and those which 
are apparently in service but really idle, because the conversa- 
tion of the parties using them has been completed. 

In automatic central offices, counts corresponding to рер 
counts are occasionally taken by counting the operating switches 
as they complete connections. Calls are also counted by the use 
of a meter on each trunk; these are generally installed by connect- 
ing the release magnets of 2nd or 3rd selector switches on each 
section of the switchboard to a separate busbar, In series with 
which is a 3-ohm relay which operates each time a switch releases, 
and closes a circuit through a meter. Counts similar to plug 

counts have been taken by counting all of the like trunking 
switches in operated position at given times. 


TRAFFIC-RECORDING MACHINE 


All of these methods of measuring traffic have their dis- 
advantages and it is believed, therefore, that telephone traffic 
engineers and telephone engineers in gencral will be interested 
in a new recording device and some of the results secured by its 
use during the past year in making traffic studies in automatic 
switchboard plants, on a somewhat elaborate scale. The 
special feature aimed at in this machine was to secure a graph- 
ical record which would show the exact duration of each connec- 
tion, the number of connections made during a given interval and 
the number of bona-fide simultaneous connections in service 
at each instant. 

The machine as devised consists of a mechanism for passing 
а strip of paper about 6 in. (15.2 cm.) wide over an inked ribbon 
and onto a receiving roll at definite rate of speed, with a number 
of markers (40 in all) arranged side by side over the paper, 
so that when any marker is pressed against the paper the inked 
ribbon leaves a corresponding line on the paper. Each marker 
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is provided with an armature and an electromagnet for operating 
it; the latter is electrically connected to the mechanism asso- 
ciated with one automatic switchboard trunk in such a way that 
whenever that trunk is occupied by a call, the potential estab- 
lished on the trunk for guarding purposes serves also to cause 
current to flow through the electromagnet and  energize it 
as long as the connection lasts. 

Two views of this machine are shown in Fig. 1. F is the 
roll feeding paper to the machine; R is the recciving roll; M are 
the markers; V is a pendulum virbator tuned to runat a fixed 
speed, so as to make and break at regular intervals the circuit 
through the clectromagnet operating the step-by-step pawl 
and ratchet movement P R, which turns the receiving roll 
and thus draws the paper through the machine; R M isa device 
for moving the ribbon at intervals so that the portion imme- 
diately under the markers will always be sufficiently inked. 
A skeleton view of the mechanism with its associated circuits 
is shown in Fig. 2. 


SAMPLE OBSERVATIONS WITH MACHINE 


A section of the paper tape taken from the machine and cov- 
ering a record of calls during a busy half-hour on a set of trunks 
in the business central office of a city in Michigan is shown in 
Fig. 3. 

One especially interesting feature is the remarkably short 
period of time which occurred in many instances between the 
release of a trunk and its seizure for another connection. This 
is of material aid in promoting trunk efficiency, and 1s due to the 
automatic switchboard. As indicated in the figure, the 
vertical lines mark }-min. periods. It was found that by means 
of a chartometer, it was not a difficult matter to sum up the 
lengths of the lines on each tape, so that the average length 
of call might be obtained; and it is apparent that a curve may 
be very readily made from this sheet, which will show the 
number of simultaneous connections at each instant, as the 
curves in Fig. 4. In fact, any traffic data desired may be se- 
cured from the tape. 

The upper curves A and B, in Fig. 4, are taken respectively 
from the upper and lower halves of the same tape, from whose 
totals the lower curve was constructed. 


TRUNK EFFICIENCY 
The writer’s purpose in presenting these curves is to give a 
graphical illustration of the relative efficiency of small and large 
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trunk groups, by noting the fact that while in the group А 
the maximum number of simultaneous connections is 18 and in 
group B the maximum number is 18, the maximum number in 
a combination of the two is not 18 plus 18, but 32. This is 
merely an illustration of the law of increase in efficiency of 
trunks as the size of the group increases which has been well 
known to telephone engineers for years; but the author is not 
aware of any other device which makes it possible to study the 
working of the law so satisfactorily. The fact that the greater 
efficiency of large trunk groups is due to a smaller ratio of peak 
load to average load is very clearly demonstrated by the curves 


NUMBER OF SIMULTANEOUS CONNECTIONS 


in Fig. 5, which were constructed from data secured in an office 
of 7950 lines, by making simultaneous observations during the 
. busy period of each of six working days, on the number of con- 
nections in service at given instants in each 100-line section 
of the entire plant. Note the much greater variation (Fig. 5) 
in the percentage of connections in the average 100-line group 
than in the 1000-line section, and the very small variation in 
the load of the entire plant. 

It is customary to define the peak load in terms of the average 
load or the total busy-hour load. One of the curves, A in 
Fig. 6, shows, for calls of 83 seconds duration, the relation 
between the total busy-hour load and the peak load, in automatic 
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switchboards; or, in other words, the number of trunks needed 
at the peak instant for busy-hour loads of various sizes. This 
curve follows the formula: 


Number of trunks = T C 4- 3.785 (1— T) VET (1) 


For call lengths of less than 130 sec. this formula may be written 
in the simplified form: 
Number of trunks = T C + 3.7 ГС (2) 
Т 15 the average holding time іп hours, and С 15 the number 
of busy-hour calls. 
AvERAGE HOoLpING TIME 


The curve B in Figure 6 is drawn for an average holding 
time of 83 seconds, because some tens of thousands of obser- 


A ENTIRE OFFICE OF 7950 WORKING LINES 
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------ С А 100- LINE GROUP CONTAINING 95 WORKING LINES 
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vations made in different automatic plants show this to be 
slightly above the average duration of connection. The 
83-sec. standard is divided as follows: 


Setting up of automatic connection. 6 ес. 


Waiting for called party to respond.. 9.5 “ 
Соптегсаллоті, аа q 6.5 “ 
Release of connection............. 1 ë 
Total he boty Bree Seas КТЕ ЛГ D we oe 83 scc. 


Call lengths vary greatly in different offices. For example, 
in one of the cities in which studies were made with the traffic 
recording machine, it was found that while the average length of 
calls for the entire system was 81.25 sec., it was 130 sec. on the 
trunks to an outlying residence office and 100 sec. on trunks to 
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manual private-branch exchanges; but observations made on 
inter-communicating calls in automatic private-branch ex- 
changes have, in a number of instances, shown an average call 
length as low as 43 sec. 

In connection with the studies of average call length, it was 
found that in approximately 12 per cent of the calls the calling 
party received the busy signal; and 16 per cent received no re- 
sponse from the called party, either because he was beyond 
the reach of the telephone, or did not answer the signal before 
the calling party disconnected. 


TRUNKS PER GROUP 
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Curve A shows relation betwcen the number of busy-hour calls and circuits in a group. 
Average holding time 83 sec. Automatic system. 

Curve B shows the relation between the number of circuitsin a group and the number of 
busy-hour calls carried per circuit. 


TRUNK GROUPING 


It is common practise in automatic switchboard systems 
to arrange the switches and the trunks so that the calls will 
be evenly distributed among the trunks in each group. This 

is done to distribute the wear on the trunking switches, to ensure 
` all the switches enough operation to keep them in good working 
order and to reduce the risk of two partics seizing a trunk at the 
same instant. Sometimes it is advisable, however, to provide 
that the trunks in a group will be selected successively: for ex- 
ample, if there are 10 trunks ina group, the trunk-sclecting 
mechanism will test the trunks in order, starting at No.1 for 
each call, and seize the first trunk that is disengaged. 

In Fig. бл are shown some curves showing results of obser- 
vations made with the traffic-recording machine on groups of 


436 CAMPBELL: TELEPHONE TRAFFIC [March 13 


trunks successively selected. The shape of these curves gave 
rise to the suggestion that two groups of 10 trunks each, for ex- 
ample, might be reduced without loss to two individual groups 
of 7 trunks each and a common group of 3 trunks, which would 
be a total of 17 trunks instead of 20, by connecting in multiple 
the 8th, 9th, and 10th trunks of each group after the manner 
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shown in Fig. 7. The effect of this method of connecting the 
groups together is illustrated in Fig. 8, which shows the load 
curves of the two groups of trunks overlapped in such a way that 
the one busy-hour call of the 10th trunk in each group is superim- 
posed on the 9 busy-hour calls of the 7th trunk in the other group, 
while the 3 busy-hour calls of the 9th trunk 1n one group are com- 
bined with those of the same trunk in the other group. 

It is argued by those who suggest this 
scheme that since, as shown in Fig. 6,a pound mum d 
group of subscribers 4 making 175 busy- L l [ L 5 5 l 
hour calls would require but 10 trunks 
and a similar group В would require but "омок raunk onovo "o! 
10 trunks, while a group of subscribers i { 1 ) j } | Z b 
making 350 busy-hour calls would re- Fic. 7 
quire but 16 trunks, the arrangement 
in Fig. 8 satisfies all requirements; because it must be true 
that the peak loads in the two sets of 10 trunks cach would prac- 
tically never overlap, so that both groups of subscribers would 
never want thc 3 common trunks at the same time, or else 
the curve in Fig. 6 and the law governing it arc fallacious. 
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There is one other factor to be considered, however, and that 
is the possibility of calls overhanging on the 3 common trunks, 
while some of the subscribers of the group A, for example, 
are not calling, and group B parties are endeavoring to secure 
access to the common trunks. "The arrangement in Fig. 7 and 
Fig. 8 allows an extra trunk to overcome this objection, 1. e., allows 
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17 trunks for 350 busy-hour calls, while but 16 would be required 
if all subscribers had access to every trunk. 

Whether this arrangement will be justified by experience and 
become of practical value, the writer would not venture to say 
at this time. It seems probable that it could be practised to 
advantage where two-way trunk service is to be given. As the 
writer mentioned in a previous paper, there is generally a dif- 
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ference in the times at which the peak loads occur on trunk 
groups carrying traffic in opposite directions between two offices, 
consequently the use of two-way trunks would reduce the number 
of trunks required. While such trunks have not been found 
feasible between large manual offices, they are nevertheless 
practical, and some of them are in use in automatic systems. 
The obstacle in the way of their more general installation 
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is the increased cost of trunking equipment. This obstacle can 
be largely eliminated by the scheme illustrated in Fig. 9, which 
shows 16 trunks inter-connecting two offices A and B, in sucha 
way that each office has access to six individual one-way trunks 
and four two-way or common trunks. This plan allows for 
a peak load in either direction of 175 busy-hour calls, provided 
the two peaks do not occur at the same time, and the combined 
group would carry a load of at least 240 calls. It is evident that 
the number of common trunks might be greater or less than 
four in a total of 20, and would be determined by the relation be- 
tween the two-way peak load and the peak of the load in each 
direction; also that the expensive two-way equipment is confined 
to the comparatively few two-way trunks. 
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SIXTY-CYCLE SYNCHRONOUS CONVERTERS 


BY L. P. CRECELIUS 


ABSTRACT OF PAPER 


The paper describes some 60-cycle, six-phase, 600-volt, syn- 
chronous converters used in railway substations in the suburbs 
of Cleveland. The advantages of the use of 60-cycle apparatus 
include standardization of frequency, low cost and high efficiency. 
The converters are of the commutating pole type and a number 
of special features of their design are described. The improve- 
ment of commutation due to commutating poles makes it pos- 
sible to use fewer poles and higher armature speed, but this has 
the objection of increasing the noise, which would have been ob- 
jectionable in neighborhoods where these machines were used. 
To overcome the noise the armature ends were sealed up and a 
shield provided behind the front leads, thereby cutting down the 
ventilation to a considerable extent. The ficld windings were 
compounded in order to hold the d-c. voltage constant, and in 
order to maintain the power factor of the supply circuit at unity 
the converters were over-excited to produce a leading wattless 
current sufficient to overcome the reactance drop. Іп order to 
overcome the heating effect due to restricted ventilation and over- 
excitation the value of 3500 amperes per square inch of armature 
conductor based upon d-c. output at rating was adopted. To 
permit of a-c. starting the copper dampers are interconnected 
between the poles to produce a squirrel cage connection all around 
the field structure. Extracts from the specifications under which 
these machines were built are appended, as well asextracts from 
the contract under which the power supplied to the substations 
is purchased. 


NE year's experience with the successful operation of 15,000 

kw. of 60-cycle, six-phase, 600-volt, d-c. synchronous con- 

verter substation equipment, establishes a precedent for the use of 

60-cycle current for purely railway use upon such a scale. This 

equipment 1s installed in four substations located in the suburbs 
of Cleveland. 

The fact that only such apparatus that could be depended 
upon without question could be employed to supply efficiently 
the d-c. power for the railway, required, in the absence of stand- 
ard practise in the use of 60-cycle converters for this purpose, 
a very critical and careful consideration on the part of the pur- 
chaser, of the essential details of design. 

Extracts from the specifications under which the equipment 
was manufactured are appended, also extracts from the contract 
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under which the power supply to the substations is purchased. 
These contracts are correlated in that the former determined the 
design of the apparatus best suited to take full advantage of 
the power company's 60-cycle. service offered for sale at cost 
under certain conditions. Both contracts therefore contain some 
unusual provisions, a few of the more important of which will 
be briefly alluded to in the following pages. 


SYNCHRONOUS CONVERTERS 


The introduction of the commutating pole has been extremely 
beneficial to commutating apparatus, especially in the case 
of converters. Affording the means of increasing materially 
the output per pole, it has caused a corresponding reduction 
of the number of poles per machine, thus providing a marked im- 
provement in the mechanical design of the 60-cycle converter. 
More latitude in the width of pole face and spacing of brushes 
has been secured, thereby working towards the mitigation of the 
disastrous consequences of flash-overs. | 

The commutating pole, by reason of its rectifying influence 
upon the armature conductors at the instant of commutation, 
has also been the means whereby, at the same time, good com- 
mutation is secured at the higher specd resulting -from the use 
of fewer poles. This increase in speed, however, has опе serioys 
objection from an operating standpoint, viz.,noise. In addition 
to such noises ( current and magnetic) as are inherent in all 
machines irrespective of speed, and are not especially objection- 
able, there must be included windage and brush chatter which 
increase at a tremendous rate with speed. The operation of 
several machines, such as those under discussion, in one station, 
without compensating for this, is simply out of the question, as 
the sounding of alarms and ringing of telltale bells cannot be 
heard. Besides having a detrimental effect upon the nervous 
system of the operators, the noise would soon be declared a public 
nuisance in the neighborhood. Ву far the most objectionable 
portion of the noise is due to high-pitched windage tones and 
these have been practically eliminated by sealing up both ends 
of the armature and providing a shield behind the front leads. 
Cutting down on ventilation to this extent requires that careful 
consideration to be given to the size of the armature conductors. 

Another important point affecting the temperature of the 
armature winding is the rapid temperature rise of the conductors 
lying close to the collector ring taps, which is out of all propor- 
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tion to that of the balance of the winding when operating con- 
verters at less than unity power factor. This heating is not uni- 
formly distributed on either side of the tap, but shifts from one 
side at leading power factor to the other side with lagging power 
factor. 

It is highly desirable in railway work to-hold fairly constant 
d-c. voltage on converters and the simplest way to do this is 
to compound the field winding. This has several other inciden- 
tal advantages, one of which is to lock the converters together 
through an equalizer switch which holds them in parallel on short 
circuits, which are frequent upon railway systems. The amount 
of compounding desired varies with the extent and character 
of load fluctuations, line drop, etc., but whatever the amount 
it must be offset with reactance in the supply circuit, and in 
order to prevent its disturbing influence upon the regulation 
of the system it must be located at the receiving end of the line. 
In this case it has been given a 
low value because of the com- 
paratively steady load and low 
resistance of the circuit. 

To maintain the power factor 
of the supply circuit at unity, as 
required by the contract [sec- 
tion 9, paragraphs (c) and (d)], 
calls for over-excitation of the converters to produce a leading 
wattless current sufficient to overcome the reactance drop. 
The effect of this is to produce heating in the armature conductors 
above that caused by the load. When overloading occurs this 
becomes serious, as may be illustrated as follows: 

In Fig. 1 the relations between kilovolt-amperes, and kilovat 
and wattless component are represented graphically and given 
the values at which the converters are operated at rating. 

Theoretically the ratio between the heating of the winding of 
a six-phase converter operated as a converter at unity power 
factor and running as 3 generator mechanically driven are, 


POWER FACTOR = 
COs Ó = 0.975 


0. 226 
375 КМ, = 
WATTLESS COMPONENT 


KW, = POWER =15Ё0 


Fic. 1 


Average value of all coils................. 0.27 tol 
Coils tapped to slip гіпрѕ................. 0.418 to 1 


but when the converters are operated at 0.975 power factor as 
shown in the diagram the heating ratios become, 


Average value of all coils................ 0.313 to 1 
Coils tapped to slip гіпрѕ................ 0.656 to 1 
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This means that the average coil has become 15 per cent hotter 
and the tapped coils 57 per cent hotter at the same load. When 
overloading to 150 per cent rating these values are: 

Average coil 1.15 X (1.5)2 = 2.59 times the heating at 100 per cent 
load and 100 per cent power factor. 


Tapped coil 1.57 х (1.5)? = 3.63 times the heating at 100 per cent 
load and 100 per cent power factor. 


This indicates the wisdom of holding reactance to low values when 
unity power factor 1s essential in the supply circuit. It was due 
to the imposed limitations of power factor and restricted ventila- 
tion that a value of 3500 amperes per square inch of armature 
conductor based upon 4-с. output at rating, was placed in the 
specification. 

The provision relating to flux density indicates the purchaser’s 
desire to have considerable generator capacity in the machines 
to drag through short circuits on the d-c. side. On the railway 
system in question, short circuits occur in the ratio of 428 d-c. 
to five a-c. per annum per substation. These are caused by 
‘falling trolley wires, cars opening breakers, etc., and comprise 
a factor to be reckoned with. 


FIELD DAMPERS 


To permit of a-c. starting with low reactance in the armature 
and the main field poles fully equipped with pure copper dampers, 
it is necessary to interconnect or bridge the dampers between 
poles, to produce a squirrel cage connection all around the field 
structure. This bridging of gaps between poles causes the com- 
mutating pole to become surrounded by the field damper circuit, 
and seems objectionable because of the possibility of making 
this field sluggish to load changes. Although this has un- 
doubtedly some slight influence upon the sensitiveness of the 
commutating pole, it is not noticeable in practise. "The fact is 
that a low-resistance field damper circuit of pure copper grids 
is far superior to any other arrangement, as several combina- 
tions of open and bridged damper circuits of various resistances 
were tried. 

A much-debated question has been the effect of commutating 
poles upon converters at times of hunting, and it may not be out 
of place here to record the behavior of these machines when 
turbine-driven and engine-driven. The power supply is gen- 
erated by turbine-driven generators and no hunting takes place, 
but several times for short intervals engine-driven generators 


* 
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were paralleled with the turbines and the operation of he con- 
verters carefully observed. Instantly a wild hunting is set up, 
the pulsations of which agrec in frequency with the speed of the 
engines, viz., 100 rev. per min., accompanicd by violent sparking 
at the brushes at very light loads, and flash-over takes place at 
about full load. Thus at any stage the operation is absolutely 
unsatisfactory. Upon the same gencrators mav be operated, 
without much trouble in this respect, other svnchronous appara- 
tus including low-voltage converters without commutating poles, 
although the pulsations from the engines are distinctly notice- 
able at these machines. It is not at all unlikely that the heavy 
resulting armature reaction at times of hunting reverses the po- 
larity of the commutating pole, thus becoming the means of 
exaggerating very much the tendency to flash-over. 

In this connection it is interesting to note the agreement be- 
tween the natural or characteristic period of oscillation of the 
converters and the pulsations of the supply circuit. This may 
be determined by Kapp's formula* as follows: 


P X p 
= 24,4 — 
ERRAN EN WS а” 
in which 
N = natural period in swings per minute 
S = revolutions per minute 
P = rated output in kw. 


Wr? = weight in pounds of rotating element times (radius of 
gvration)? in feet. 
р = number of poles. 
0 = the angle in degrees whose sine is full-load a-c. current 
divided by a-c. short-circuit current. 

Substituting values in this equation we have N = 90, which 
serves to explain that the characteristics of the machines are 
such as to make them inherently sensitive to pulsations ranging 
from 90/1.4 to 90/0.7 per minute. The engine speed noted 
above lies within these values. But notwithstanding this 
close agreement the fact is, that commutating poles undoubtedly 
work against converters operating on a-c. circuits subjected to 
pulsations or frequent and periodic disturbances, and bar from 
consideration the use of reciprocating units at customary speeds 
-~ *Modified formula by Kapp published in Electrotechnische Zeitschrift, 
1899. 
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in connection with 600-volt, 60-cycle converters, for this pole 
is necessary, as pointed out above, for mechanical reasons. 


EFFICIENCY 
Because of reduced ventilation and the liberal use of copper 
and iron in the electrical and magnetic circuits, the efficiency of 
the converters is very high; being, 


at 50 per cent full load................. 91.8 percent 
тая “ E ыллана икрар п Ж. Ж 
100 « * сш «, 5.95.0 “< « 
125 * * а < 24 95.5. € % 
150 “ “ е намен ыы а ы DUNS... OF 
200 “ “ а * 95.0 “ “ 


Best efficiency at 194 per cent full load. 
These values are test results and include alllosses. Sixty-cycle 
transformers are also very efficien£, and in consequence the over- 


all conversion loss is low. For a period of one month the sub- 
station efficiency is as follows: 


A-c. input to substations............ 3,986,880 kw-hr. 
D-c. output at converters terminals.. 3,667,930 ^ “ 
Rat; 3,667,930 isses duct 
atio = —————— = er cen 
3,986,880 — P 


This experience in the use of 60-cycle, 600-volt synchronous con- 
verters in railway work may be summed up as follows: 

1. Pulsations in a-c. supply circuit must be entirely eliminated. 

2. The design must include in addition to the commutating 
pole, liberal proportions of iron and copper, notwithstanding the 
high speed. 

3. Field dampers must be very low in resistance and bridged 
to permit of a-c. starting. 

The advantages accompanying the use of 60-cycle apparatus are 
apparent to all and include, briefly, standardization of frequency, 
low cost and high efficiency. 


APPENDIX I. 


Extracts from agreement between The Cleveland Electric 
Illuminating Company and The Cleveland Railway Company, 
March 29, 1912. 

For the purpose of this paper it is only necessary to call atten- 
tion to paragraphs (c) and (d) of section nine, relating to power 
factor. “This provision imposes a limitation upon the design of 
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a compound-wound synchronous converter of considerable im- 
portance in affecting heating in the armature winding, and 
consequently the capacity under which standard converters are 
customarily rated, would be much impaired when operated so as 
to maintain 100 per cent power factor at the primary terminals 
of the transformers. 


SECTION NINE 

Paragraph (c)— The Railway Company guarantees that the 
monthly average power factor at each of the Power Company's 
supply stations shall be maintained at not less than 90 per cent 
and it is mutually agreed that if the monthly average power fac- 
tor at any supply station differs from 90 per cent in any month, 
then the demand for that month shall be corrected and de- 
termined in accordance with the following formula: 

Kilowatt demand is measured, divided by average power 
factor of load, and multiplied by guaranteed power factor of 
load: And that the demand on each station shall be increased or 
reduced accordingly, before computing the aggregate demand. 

Paragraph (d)—The average monthly power factor shall be 
determined from the ratio of the sums and differences of the 
groups of single-phase watt-hour meters installed on each supply 


И’ И” 
tangent of average monthly angle of lag, from which both the 


angle of lag and its cosine, which is the power factor, will be 
determined. 


circuit in accordance with the formula, 


APPENDIX II. 
ExTRACTS FROM SPECIFICATIONS OF SUBSTATION EQUIPMENT 


General Information. 

The substations (in which the equipment specified below 
is to be installed) will be located in residential districts of the 
city of Cleveland and neighboring suburbs, as follows: 

* * * * * * * * * * * * 


Capacity of Substations. 

1. Windermere Substation, three 1500-kw. units as speci- 
fied hereinafter. 

2. Harvard Ave. Substation, three 1500-kw. units as speci- 
fied hereinafter. 

3. West 117th St. Substation, three 1500-kw. units as speci- 
fied hereinafter. 
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4. West 25th St. Substation, two 1000-kw. units as speci- 
fied hereinafter. 
Equipment: 

The contractor shall furnish, deliver and erect complete in 
every respect on the purchaser's foundations and ready for use 
when connected to the purchaser's switching devices, cables and 
connections: | 

Nine 1500-kw., 514-теу. per min., six-phase, 14-pole, 600-volt 
d-c.compound-wound,60-cycle,synchronous converters, equipped 
with commutating poles, mounted on self-contained bed plates, 
including the necessary single-phase, air-blast type static trans- 
formers, all in accordance with the following specifications. 

Two 1000-kw., 600-rev. per min., six-phase, 12-pole, 600-volt, 
d-c. compound-wound, 60-cycle, synchronous converters equipped 
with commutating poles, mounted on self-contained bed plates, 
including the necessary single-phase air-blast transformers, all 
to be in accordance with the following specifications. 
Armatures: 

The ventilating ducts, and the general construction of the 
spider and fixtures, shall be designed with the object in view 
of minimizing all unnecessary noise such as vibrations, humming 
and high-pitched windage tones. The converter station in every 
case will be located in an important residential section of the city 
where all such noise must be avoided. 

The grouping of armature coils per slot in the armature wind- 
ing shall consist of such an árrangement that the average voltage 
between adjacent commutator bars shall in no case be less than 
13.3 volts, nor more than 14.3 volts. 

Equalizer taps shall be brought out from the end of at least 
every other armature coil and interconnected with all other 
coils of the same potential, to provide a thorough balance 
throughout the armature. 

The commutators must have the mica slotted or grooved out 
to a depth well below the surface of the commutator bars. 

The d-c. brushes of all converters must be equipped with a 
suitable brush-raising device to permit of lifting the brushes 
from the commutator while starting the converters from 4-3 
full-voltage connections, to be provided in the secondary circuit 
of the transformers. 

Field Dampers: 

Only the main field poles shall be provided with heavy copper 

field dampers, properly arranged to provide full damping effect 
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to the main fields without disturbing in the least the sensitive- 
ness of the commutating pole, in order to provide for the best 
possible operating characteristics. 


Collector Rings: | 

Because of the high speed, the collector rings shall be equipped 
with composition copper brushes and suitable pig-tail con- 
nections, instead of the laminated type of collector ring brush 
ordinarily used in the past. 


Current and Flux Densities in Armatures: 

The current density in the conductors comprising the armature 
winding must not exceed an average of 3500 amperes per square 
inch, based upon 4-с. output at rating, t.e., considered as d-c. 
generator. 

The flux density in the teeth of the armature core shall not 
. exceed 130,000 lines per square inch, and the density in the 
core shall not exceed 65,000 lines per square inch, based upon 
d-c. output at rating. 

The current density per square inch of brush surface must not 
exceed 42.5 amperes at rating. 

D-C. Voltage Regulation: 

All the converters herein specified shall be compound-wound 
with sufficient series field effect to produce only approximately 
constant 600-volt direct-current voltage. The reactance to be 
provided in the transformer shall be approximately 8 per cent 
in order to provide for a total reactance of 12.5 per cent in- 
cluding converter, transformer and leads. 

Performance: 

After a run of 12 hours at full load at 600 volts, d-c., the tem- 
perature rise of the different parts of the converter shall not 
exceed the following: 


Armature 30 deg. cent. rise by thermometer. 
Fields 35 & “ “ “ « 
Commutator and 
collector rings 35 
With the load then increased to 50 per cent overload (150 per 
cent rating) at 600 volts d-c. for two hours, the temperature 
rise of the different parts of the converter shall not exceed the 
following: 
Armature 55 deg. cent. rise by thermometer. 
` Commutator and 
collector rings 55 


& & & “ “ 


“ & “ “ в 
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The above shall be based upon a power factor ranging from 
not less than 0.98 leading or lagging to 1.00, and on 25 deg. 
cent. for the temperature of the surrounding air and normal 
conditions of ventilation. In the event of the temperature of 
the surrounding air differing from 25 deg. cent. the observed 
rise 1n temperature will be corrected by š per cent of each de- 
gree cent. that the temperature of the surrounding air differs 
from 25 deg. cent. 

Insulation Test. 

А test to determine the value of the insulation will be made 
after the converters have been erected by the contractor on the 
premises of the purchaser, as follows: 

The insulation between core and armature conductors must 
withstand successfully, a test of 2000 volts at 60 cvcles, for 
60 seconds. Тһе insulation between the frame of the converter . 
and the shunt field circuit must withstand successfully a test 
of 5000 volts at 60 cycles for 60 seconds. 

Efficiency: 

The efficiency of both the 1000-kw. and 1500-kw. converters 
shall be as follows: 

150 per cent of rating (50 per cent above full load) ..95. per cent 

125 “ pille “ (254 % А Ë “ )..95.0 per cent 

^ “ ^" (fullload )..94.5 per cent 
75 " “ “ “ (25 percent less than full load) 93.0 per cent 

50 “ “< * “4 (04424 a  * * )90.5 percent 

In testing for efficiency all loss including those in the brushes 
in commutator and collector ring will be taken into account. 
Flash-over Test: 

The synchronous converters to be supplied under this con- 
tract will be subjected to the following test to determine their 
frecdom from the tendency to flash over. Starting at no load, 
100 per cent overload (two times rating) will be thrown on in- 
stantly by means of a storage battery and the converter must 
withstand this test satisfactorily without hunting, destructive 
sparking, or flash-over. Likewise, beginning with 100 per 
cent overload (two times rating) the d-c. current breaker will 
be tripped and the load instantly removed. Under this cir- 
cumstance the same performance with respect to hunting and 
commutation as above, will be required. 

Fittings and Supplies: 

Each and every svnchronous converter shall be equipped 
with: 
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One end play device (oscillator), d-c. end converter. 

One speed limiting device, a-c. end converter. 

One equalizer switch mounted on panel fastened to converter 
frame. 

One suitable shunt field break-up switch fastened to converter 
frame. 

One suitable inductive shunt for commutating pole field 
circuit. 

One suitable non-inductive adjustable shunt for commutating 
pole field circuit. 

All necessary leads from brush terminals to equalizer switch, 
and to suitable terminal block, must be provided, including 
attachments for connecting in shunts and field terminals. 

The collector ring brush collars and all studs on switches 
and terminal blocks, shall be equipped with terminals. 

One shunt field rheostat box with terminal dial. 

All the supplies and fittings supplied with cach converter 
must be approved by the purchaser's enginecr. | 
Transformers: 

The contract shall furnish, deliver and erect complete in 
every respect on the purchaser's foundations, and ready for use ' 
when connected to the purchaser's switching devices, cables 
and appliances, seven single-phase. air-blast shcell-tvpe, 60- 
cycle, 11,000-volt primary voltage, 365-kv-a. transformers. 

The contractor shall furnish, deliver and erect complete in 
every respect on the purchaser's foundations and ready for use 
when connected to the purchaser's switches, cables and ap- 
pliances, 28 550-Ку-а., shell-type, air-blast, single-phase, 
60-cycle transformers, 11,000-volt primary winding. 

The primary circuit of all transformers shall be arranged 
for delta connection and each provided with four 2.5 voltage 
taps. The secondary circuits of the transformers shall be 
suitable for diametral six-phase connections for the conver- 
ters, and each transformer secondary circuit must be provided 
with 3 and 2 voltage taps for starting the converter. 

The outside connections of the primary circuits must be ex- 
tended by means of suitable leads to terminals in the bottom 
of the transformer case. All secondary taps shall end in 
terminals brought to the bottom of each transformer, the whole 
to make a neat and substantial arrangement for bottom con- 
nections. 

One transformer of each size will be used as a spare unit 
and provision for its reception will be made in the substations. 
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Efficiency and Temperature: 

The efficiency and temperature of the transformers shall be 
in accordance with the best modern practise in respect to the 
type offered. 


Secondary Voltage: 

The voltage of the secondary circuit must be suitable for the 
converters hereinbefore described, as follows: When these 
transformers are connected in delta rclation by means of the 
outside primary terminals and connected across an 11,000-volt, 
three-phase line, the converter d-c. voltage shall be 575 volts 
with normal shunt field excitation. 


Insulation Test: 

The insulation between primary and secondary winding and 
the frames and cores of transformers will be required to with- 
stand successfully a test of the following voltages, after erec- 
tion: | 


Primary Windings Secondarv Windings. 
22,000 volts, 60 cvcles 2000 volts, 60 cycles 
for 60 seconds. for 60 seconds. 


Ca pacity: 

At the capacity specified hereinabove, and with the proper 
amount of ventilation ( which ventilation must be specified 
bv the contractor) thc transformers must have sufficient 
capacity to meet the overload requirements of the converters 
without excessive or destructive heating. 


Reactance: 

Approximately 8 per cent of inherent reactance shall be pro- 
vided in the transformers for the purpose of interposing not 
over a total amount of 12.5 per cent of reactance in the cir- 
cuit, including the transformer, leads and converter. 


Blowers: 

The contractor shall furnish, deliver and erect on the found- 
ations in the substations: 

Six three-phase induction motor-driven, directly coupled, 
steel plate blower sets, of the following capacity: 15,000 cu. 
ft. of air at one ounce pressure. 

Two three-phase induction motor-driven sets same as above, 
with a capacity of 8000 cu. ft. of air at one ounce pressure. 

Two blower sets to be installed іп cach substation; the smaller 
units to be supplied for the West 25th St. substation. 

With each blower set the contractor shall supply an auto- 
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starter, and the voltage of the induction motors shall corres- 
pond to the voltage of the secondary circuit of the main trans- 
formers to which thev will be connected by the purchaser. 


General: 

Great care must be exercised in the designing of the equip- 
ment hereinbefore specified, to guard against undue noise. As 
stated above, it is anticipated that trouble will result from the 
operation of unnecessarily noisv equipment in the substations, 
which by necessity must be located in the suburbs of the city 
of Cleveland. 

(The balance of the specifications covering foundations, 
painting and finishing, patents, guarantees, etec., follows along 
usual lines.) 


Presented at the Detroit-Ann Arbor Section Meeting 
of the American Institute of Electrical Engineers, 
Ann Arbor, Mich., December 5, 1913. 


Copyright 1914. By A.I.E.E. 
(Subject to final revision for the Transactions.) 


FACTORS DETERMINING A REASONABLE CHARGE 
FOR PUBLIC UTILITY SERVICE 


BY M. E. COOLEY 


ABSTRACT OF PAPER 


The paper considers the relations of the public to public 
service corporations and analvzes the construction and operating 
costs of the public utility plant upon which the rates for service 
should be equitably based. The hostility which frequently exists 
between the public and the officials of such corporations has 
been due largely to the past attitude of the officials of these cor- 
porations, who have frequently ignored the fact that thev 
are doing business under a grant from the public which gives 
them a practical monopoly of such service, and that they 
should therefore be restricted to a reasonable amount of profit. 

There is considerable ignorance on the part of the public in 
regard to the total elements of cost which enter into the con- 
struction and operation of a public utility plant, and all of 
these costs must be taken into account in establishing a rate 
which will give a fair return on the investment and at the same 
time the best service possible under existing conditions. The 
various items of expense which make up the total value of the 
property as a going concern, the cost of operation, depreciation, 
discount on bonds, etc., are all considered, their total forming 
the basis upon which the rates for service must be figured. 


ROBABLY no question of greater importance confronts 

our people todav than the relations of the public and 

the public service corporations. I refer to relations of a do- 

mestic character, rather than foreign, those which affect us as a 

nation considered as a family in which the interests of all of its 

members are, or should be, entwined, interwoven, in such manner 
that whatever is good for one 1s good for another. 

Naturally in treating mv subject I shall have in mind ideals 
which may require years for their realization, but I shall 
hope to appeal to you with arguments based so firmly on actual 
facts that I shall not be accused of being academic. I shall 
endeavor to throw upon my subject the light of nearly fifteen 
years of experience in the investigation of public utility prop- 
erties, and I shall hope to leave with you the impression that 
my views have been expressed with due regard to proper per- 
spective. That is to say, I shall hope to avoid being accused 
by anyone of even appearing to favor one side of the question 


as against the other. My desire is to speak of what may be 
453 
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seen from the hilltop bv anv one who will divorce himself from 
the interests of either side, and try to look upon the problem 
with unbiased vision. 

'There arc, of course, two sides to this question, as there must 
be in order that any question can exist. There is the side of 
the public and the side of the public service corporation. Today 
they are wide apart. They are wide apart for one principal 
reason, namely, ignorance. While it may be no disgrace to 
be ignorant, it is disgraceful to remain ignorant when so little 
education is required to dispel it. The education required 1s 
not difficult; indeed, it 1s very simple; but the trouble is that 
very many of those who most need it are not willing to be ed- 
ucated. Various motives exist, which I will not discuss here, 
further than to mention that chief among them 15 a spirit of 
antagonism, akin to revenge on the part of the public, in lo- 
calitics where the opportunity exists for its manifestation. 

It is,.I believe, generally considered by the officers of public 
service corporations that thev are, or rather were, themselves 
responsible for the unfriendlv attitude of the public toward them 
which is now almost general in this countrv. The public service 
corporation has in the past proceeded on the theory that the 
words public service had no particular meaning, and that like 
anv other corporation it was at liberty, and indeed had the right, 
to make as much monev as possible out of its business. The 
public service corporation has in the past ignored the fact that 
its right to do business is a public grant, a grant which in the 
very nature of it precluded others from engaging in the same 
business in the same locahty. True, in theory at least, others 
might be admitted to the field and thus create competition, but 
practically it has not worked out that wav. Ordinarily there 
is not enough business for two, and even if there were, great 
inconvenience is hkely to result; as for instance in the use of 
two telephone svstems, two waterworks svstems, and several 
street car systems in the same city. [tis much to the advantage 
of the public, both in convenience and expense, to have a single 
utility of the different kinds serve it when that service can be 
had on fair terms. 

What are fair terms? That is what is partly meant by the 
words reasonable charge in the title of this paper. I sav 
partly meant. In the broad sense they may be synonymous. 
To illustrate: The service rendered by а public service 
corporation may be very poor without any good excuse for it. 


etn 
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In such a case a reasonable charge would bc less than when 
the service was entirely satisfactory. Careless or unintel- 
ligent management, or a desire to increase the dividend rate, 
would lead to this result. Again, the service rendered may be 
very poor and vet be the best possible and keep the business alive; 
that is, were the rates higher a better service could be rendered. 
This may be found in small towns where the extent of the bus- 
iness will not support anything better. Further, the service 
may be very unsatisfactory and still be the best possible to 
render regardless of rates; that is, phvsical conditions may limit 
the ability to render satisfactory service. This may be found 
in large citics, an example being a street railroad system which 
can not be extended except by building elevated or underground 
systems. 

Fair terms, then, means fair service, or the best possible under 
the conditions, to the public on the one hand, and a reasonable 
charge for that service to the corporation on the other hand. 
They are, or should be, the t wo members of an equation which 
are equal to each other. Like an equation, given the service 
demanded and certain other factors involved, the fair rate, or 
the reasonable charge, can be readily determined. It is these 
factors we come now to consider. 'They embrace, first, the 
capital investment upon which the interest return 1s made either 
in the form of interest or dividends, or both; second, the operating 
expenses which include maintenance and repairs of all the cle- 
ments of the physical property, and taxes; third, a depreciation 
fund out of which can be replaced elements of the physical prop- 
erty which are worn out, or have become obsolete, so that they 
can no longer be used economically; and fourth, a sinking 
fund to provide for the loss of the capital due to depreciation, 
or the difference between the cost of the property when new and 
when disposed of at the expiration of its franchise life. Let 
us take them up in order, capital investment first. 

It should be understood at the outset that no capital can be 
made available for a public utility, or for any other business, 
for that matter, without a sufficient return on the money to 
tempt its investment in the business. Capital obevs the law 
of supply and demand like any commodity. Thus, if capital 
be invited for investment in a service which 15 desired by the 
public, then the public must expect to pay the price in the form 
of interest or dividends which is necessary to secure it. 

However much in the past capital may have been tempted 
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into the field without invitation 1n the hope of large returns, 
those days are rapidlv disappearing; and before very long, if 
not now, we shall be obliged, not only to extend an invitation, 
but to offer inducements to bring capital to our door. Those 
inducements must be not only a fair return on the capital in- 
vestment but a welcome guaranteed throughout a term of vears. 
Capital mav be compared with the guest in our household. 
While she bides with us she is entitled to the treatment accorded 
toa guest. She may have worn out her welcome but at the same 
time have become indispensable to our domestic affairs, so that 
we must continue to suffer her presence. We, the public, 
cannot invite the guest and then while she is with us slap her 
face; on the other hand, the guest cannot with impunity proceed 
to rob us once she is in our home. 

There is at present a verv natural distrust on the part of the 
public. Capital in the past having very often been self-invited, 
and having been at first welcome, then tolerated, has finally 
worn out both welcome and toleration. The logical result, one 
might think, would be to get along without capital. But of 
course that would be impossible. Whether the utility be built 
and operated by the public or by a corporation, capital is 
necessary. It is true that for a municipallv owned utility capital 
тау be had on more favorable terms with the security which the 
public can offer; but it does not follow that the service rendered 
would be at correspondinglv low rates or reasonable charges. It 
could perhaps, but the experience of the past favors the belief 
that such expectation would be utopian rather than practical. 

The time is coming, if not alreadv here, when it will make no 
difference whether capital be invested under the direct security 
afforded by a municipally owned utility or the more indirect | 
security afforded bv a franchise to a corporation. This time will 
have arrived when the public comes to understand thc elements 
of cost, and all of them, which enter into the construction of a 
public utility plant. Those elements of cost are the same, or 
substantially the same, whether the plant be constructed by the 
public or by the corporation. The public must have a board 
intrusted with the construction and management of the utility. 
This board corresponds practically to the corporation’s board 
of directors. 

The board, whichever it may be, becomes the agent of the 
public. It makes the preliminary investigations, employs legal 
counsel, real estate men to procure the necessary right-of-way, 
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conducts condemnation proceedings, obtains property consents, 
and attends to all matters connected with the proper launching 
of the project. It employs engineers to prepare the plans and 
specifications, invites bids, awards the contracts, and looks 
after the work during the construction period. It makes ar- 
rangements for the necessary funds to finance the project, the 
necessary working capital, and finally, after the work of con- 
struction is completed, puts the plant into operation. 

Before its work has been done completely, the business must be 
thoroughly established; that is, converted from an inanimate 
to an animate condition. The earnings from operation must 
as speedily as possible be brought to a point where they will 
support all of the expenses. During the period of insufficient 
earnings, the deficits must be cared for. When the earnings 
become sufficient to meet all expenses, including interest on the 
cost of the property, the utility may be said to have become fully 
a going concern. | 

In all of this work the duties of the board or city officials 
representing the public, or of the officers representing the corpo- 
ration, have been the same. The elements of costs have been the 
same. The principles involved have been the same. The only 
difference has been one of degree on some of the items, as for 
instance, less difficulty, possibly, in securing rights-of-way, and 
more favorable terms in financing. But as already stated, 
these advantages may in the ultimate results be more apparent 
than real. That phase I have no intention of discussing in this 
paper. 

The principal cause of the difference of opinion between the 
publie and the public service corporation, as I have come to sce 
it, lies in the failure of the public to comprehend all of the ele- 
ments of cost entering into the construction of a public utility 
plant. Not only that, but a failure also to understand all of the 
elements of expense which must be incurred in operating the 
property and maintaining its integrity, once the plant has been 
built and the business established. The corporation itself is only 
beginning to understand some of these things. Its officers 
intrusted with the management of the property have been obliged 
to make the best of things, striving on the one hand toearn 
the dividends called for by the stockholders, and on the other, 
to maintain the property so as to give satisfactory service. 
Without in any way excusing the corporation from its sins of the 
past, or of the present where they still exist, the trouble is now 
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understood by the corporation, partly at least; and it must be 
conceded, I think, that just at present the fault lies more with 
the public than with the corporation. Let us now take up the 
elements of cost constituting the capital investment. 

It will be easier of understanding if individuals will consider 
themselves a party to the enterprise. Assume for instance, that 
vou are one of a number of men brought together to consider the 
building of a public utility property. What 15 the first step? 
Naturally vou will all want to know whether the project is 
feasible. This will always involve preliminary investigations, 
the sounding of public sentiment to know to what extent the 
proposed service would be demanded, what concessions would 
have to be obtained in the matter of property consents and the 
conditions under which a franchise could be obtained. If these 
inquirics have resulted favorably,the next step would be toemploy 
engineers to look over the field and make preliminary estimates 
of cost and determine upon the feasibility of the project. With 
the information thus far accumulated the bankers must be 
consulted to determine whcther the necessary money can be 
had. At this point the project may fall through, as there may 
not be a sufficient promise of financial return to induce capital 
to come into the enterprise. 

All of this preliminary investigation has involved expense 
which must be borne Ьу someone. It may run from 0.2 to 0.5 
per cent of the cost of the proposed property. In case of 
failure to go further it would fall upon the individuals taking part 
in the investigation. They have gambled and lost. But should 
the future promise be great cnough to interest capital mildly, 
let us sav, then the banker might be induced to gamble a bit, 
and by being given sufficient odds in the way of discount on 
bonds and blocks of capital stock depending for their value 
on future earnings, be induced to come іп. The less of gamble 
there may be, the less the odds demanded bv the banks; but at 
the present time these keepers of the vital life of all business 
enterprises must, like the well-fed trout, have bait of some form 
on the hook to interest them at all. Not so, however, with the 
rank and file who, like the hungry bull-head, bite at anything, 
even in the dark, if only the hght of a candle be exposed to show 
in the faintest outline the nature of the bait. But public 
utility properties for the most part are not financed by the rank 
and file, but by bankers and trust companies. It is, therefore, 
a real “ condition, and not a theory ", which confronts the pro- 
moter when he seeks to finance a proposition. 
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If finally the preliminary work has resulted in the determi- 
nation to proceed, there comes the organization of the company, 
the employment of legal counsel to draw up the necessary papers, 
the procuring of franchises, the obtaining of the necessary prop- 
erty consents, the securing of the right-of-way, by purchase or 
otherwise, the employment of engineers to make the final surveys 
and prepare the plans and specifications, the bidding and award 
of contracts. The actual work of construction then begins. 

It 1s at this point that the public conceives the cost of the 
property to begin; and for the reason that the average citizen, 
skilled as he may be in the work of his own pursuit, has little or 
no knowledge of the skill required in another's pursuit. Yet this 
average citizen must bc consulted because the project is a 
public utility. It furnishes him heat, light and power, trans- 
ports him to his business, and provides him with other fixed 
necessities of life. This being so, let the condition be met, and 
first of all let this average citizen be educated to understand the 
requirements which must be met if he is to be furnished these 
necessities of our modern civilization. Once he understands 
there will not be, so far as he 1s concerned, any further trouble. 
The average citizen is fair-minded, and asks for only the square 
deal. | 

There is, however, another type of citizen who, however much 
explaining there may be, persists in sceing things his own way. 
He may be a self-appointed guardian of the pcople's interest; 
sincere enough and honest enough, but too often his zeal results 
in confusion of understanding, if not perniciousness. Another 
tvpe belongs to the political class. He sees gain in one form 
or another if he can keep alive the troubles between the public 
and the public service corporation. 

There is no greater service to be rendered the people of our 
country today than that which could be rendered by the news- 
papers if they would but go at this matter with the idea of 
acquainting their readers with the facts on both sides. I mean 
that they should not treat the quarrels between the public and 
public service corporations as items of news merely, but detail 
men on their staffs to make a study of the question involved, 
bringing to their aid the skill of the accountant, the engincer, 
the manager, the public officers entrusted with the affairs of 
these corporations, the business man, and the man who has 
devoted a lifetime, it may be, to a study of this class of problems. 
This work should not be done in a haphazard manner, but 
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systematically and with one object in view, namely, to bring 
about as speedily as possible a clear understanding of all the 
facts on both sides. Such a work by our newspapers would not 
only add to the sum total of our happiness, but promote the 
prosperitv and welfare of the communities which they serve. I 
sometimes wonder why thc proprictors of newspapers do not see 
that their own business is in the nature of a public utility, 
morally at least. 

It is perhaps unnecessary to refer 1n detail to all of the different 
items entering into the cost of the physical property of a public 
utility. Such items as the following are in general capable of 
being classified in an inventorv, and are readily understood:— 
Land for railroad rights-of-way, clectric transmission lines, 
and pond flowagc; land for the many kinds of buildings required, 
such as office and station buildings, round houses, car barns, 
power houses for steam and hydraulic plants; and for reservoirs, 
dams, waterworks, and gas plants. The buildings themselves, 
together with their furnishings and fixtures. The roadbed, rails, 
tics and bridges of a railroad ; and the locomotive, passenger and 
freight equipment. The dam structure, water wheels, and 
generator of a hydroelectric plant. The boilers, engines and 
generators of a steam plant. The tunnels and pipe lines of a 
heating plant. The pumping engines,’ water mains, hydrants 
and distribution system of a water works. The machinery, 
gas holders, and distnbution system of a gas works. The 
conduits, manholes and distribution systems of electic lighting 
and power plants. The switchboard, machinery and apparatus 
of a telephone exchange; and the wires, pole lines, conduits and 
instruments of the distribution system. All of these items, and 
vastly many more, make up the physical structure of public 
utility plants. They are tangible, that is, they can be seen, 
counted, measured, weighed, and their costs determined. Ma- 
terials and labor are the principal items in their creation and 
installation. 

The plans and specifications of a utility plant having been 
completed, proposals for its construction are invited. The 
contractor figures the cost of every item as nearly as possible, 
adding various percentages to cover contingencies, that is, un- 
foreseen difficulties of construction and oversights, some large 
and some small. He adds the costs of the necessary permits, 
the insurance required on the men employed and onthe buildings 
during their construction; and finally adds another percentage 
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on the whole for his profits. The propriety of these percent- 
ages in figuring the cost of work in advance is so apparent as to 
cause wonderment that any question should ever have arisen 
as to the equal propriety of including them in making an ap- 
praisal of a property at any time after it was built. Happily this 
ignorance concerning many of the physical elements has been 
dispelled, and there no longer is any question of allowing the 
necessary percentages to cover contingencies, insurance, con- 
tractors' profits, engineering and superintendence. 

In amount the contingency percentages, varying on thedifferent 
things from 2 to 20 per cent and upwards, may be assumed to 
average not less than 10 per cent. One half is usually applied 
directly to the items themselves, the other half as a percentage 
on the total cost of all the items. Insurance varies from 0.5 to 1 
per cent. The contractor's profit should be estimated at not 
less than 10 per cent. Engineering and superintendence, like 
contingencies, varies with the different items from 2 to 10 per 
cent and over, an average being, say, 5 per cent. One half is 
applied directly to the items themselves, the other half, as a 
percentage on the total cost of all the items, including the 
contingencies and contractor's profits. If the insurance has not 
been included with the contractor's costs, it should follow after 
engineering and superintendence, and may then be combined 
with taxes in a percentage varying from 0.5 to 3.5 per cent. In 
the application of these percentages, only the general engincering 
percentage should be applied to land, the cost of which embraces 
its own particular expenses of acquiring, including damages, 
deeds of transfer and the like. 

In case the contract has been awarded to a general contractor 
he may sublet the different parts to other contractors, each of 
whom includes in his bid contingencies and other items proper 
for his particular part of the work and his profits. In such cases 
the cost of the plant includes, besides the contingencies and profits 
of the sub-contractor, similar items for the yeneral contractor. А 
general contractor responsible to the owners for the success of 
all building operations would probably demand and receive 
not less than 10 per cent of the cost of the entire work covered by 
his contract; and instances are known where the general con- 
tractor's profit has been large, 20 per cent or more. The measure 
of his profit is usually determined by the nature of the work, that 
is, the difficulties and uncertainties involved. "The building of 
the Detroit River Tunnel is an example of where the general 
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contractor made a large profit; but the uncertainties were such 
that 1t was not known in advance whether his profit would be 
large or small, or whether there would not be an actual loss. 

Another method in vogue is to place all building operations 
in the hands of an engineering firm which makes all survevs, 
prepares the plans and specifications, and superintends the 
work from start to finish, making a charge therefore of 10 per cent 
on the actual cost of the work. This virtually amounts to a 
profit of 10 per cent, as the cost on which the percentage is based 
usually includes the salaries and wages of the men employed in 
the engincering work, and all traveling and office expenses as 
well. It is known as the “ cost plus a percentage " plan. Тһе 
engineering firm may be likened to the general contractor with 
this difference: The former takes its percentage on actual costs 
determined after the work is completed; and the latter, on the 
estimated costs made before the work is begun. Obviously 
the uncertainties involved would cause the general contractor 
to guard himself by making liberal estimates. 

We come now to discuss certain other expenses chargeable 
to capital, but which are not so well understood. "Taxes during 
the construction period is an item usually overlooked by the 
public. Obviously, any real estate acquired by a corporation 
for public utility purposes would be taxed the same as similar 
property owned by an individual. Taxes not infrequently are 
also imposed on structures built, even before any use is actually 
made of them. One very common error of the public is to 
assume that if municipally owned there would be no taxes on a 
public utility property. True, there would be no taxes levied 
directly against the propertv, but there would be the indirect 
taxes which every taxpayer would have to meet. To illustrate: 
A public service corporation has to pay certain taxes on its 
propertv, and they mav be very large. If this property be ac- 
quired by the city, it bears no taxes. The same amount of 
monev being required to mect the expenses of government, after 
as before, 11 follows that the citizens must make up the amount 
formerly paid bv the corporation. If, however, the earnings 
remain the same, there will be money to pav the taxes out of 
earnings. But in that case presumably the rates of charges 
for service would remain the same, so that one of the alleged 
benefits of public ownership would disappear. The item of taxes 
is, in an appraisal, frequently combined with insurance, the 
amount of the item then varying from 0.5 to 3.5 per cent. 
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The item of organization, administration, and legal expenses 
usually follows insurance and taxes and precedes interest during 
construction. As used by some, the term is rather elastic in 
being made to include all preliminary expenses, costs of pro- 
motion, certificates of necessity, mortgage tax, fees of incor- 
poration, securing of franchises, and other general expenses. 
It is usually expressed as a percentage varving from 2.5 to 5 per 
cent, being applied to the sum of all preceding costs, including 
lands. 

There arises in connection with many utility projects certain 
expenses which have come to be known as costs of promotion and 
promoter’s profits. The terms themselves are rather infrequently 
used in appraisals, these expenses, if considered at all, being in- 
cluded under costs of administration. Administration is 
frequently combined with organization and legal expenses. 
Whatever may be said for and against costs of promotion and 
promoter's profits in the sense that they represent intangible 
elements 1n the nature of ''rake-offs ", there are, in a totally 
different sense, certain expenditures during both the construction 
period and the early operative period which are legitimate and 
necessary and best described as promotion costs. In the sense 
that a promoter forwards, advances and encourages, that is, 
contributes to the growth, enlargement and excellence of a 
utility project desired by the public, there can be no question 
that such costs are entitled to consideration in determining a 
reasonable charge for service. 

As to a promoter's profit, its propriety may possibly be 
decided by considering to what extent one would be willing to 
contribute to a project, independent of its construction cost, to 
procure its establishment; or, were a utility now serving the 
public in some necessary capacity to be taken away, to what 
extent would you, as one served by it, be willing to contribute 
rather than lose it. Put it another way: A man says he can 
make a success of a utility the citizens want, or now have. You 
doubt its possibility but consent to a trial, and he does it. How 
much are you willing to compensate him for his energy and brains? 
This implies a conception free of bias, broad-gaged and just to 
all interests concerned, which can be had only by being fair and 
open-minded, and by carefully refraining fron reaching any 
conclusion in advance. Obviously no percentage could be 
given for promoter's profits, but appraisals in which the costs 
of promotion have been ascertainable indicate that a proper 
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charge may be as much as 2 per cent. Its allowance must de- 
pend on circumstances, and if included as a separate item, it 
must of course be excluded from administration costs. 

Interest during the period of construction is an important item 
often overlooked in the past. This means simply that the money 
which has been expended from time to time during the progress 
of the work cannot be had without interest. If borrowed, it is 
secured by interest-bearing notes; and if provided through the 
sale of bonds, these bonds bear interest. Ordinarily, the interest 
charge is based on the assumption that the money expended 
starts at zero, and mounts uniformly to the total at the end of 
the construction period. Thus the rate of intcrest is applied 
to one-half the total cost, or one-half the rate is applied to the 
total cost. The construction period varies with different kinds 
of property, one year, two years, and three years being common 
lengths of time. It extends to the time when the property is 
put into operation and begins to earn. А rate of 6 per cent per 
annum is usually assumed. 

The management of a public utility requires a home for its 
officers and the necessary furniture and fixtures. These may be 
rented, in which case the rent becomes an operating expense; or 
the company may own its offices and furniture and the special 
fixtures needed for its business. The cost then becomes а cap- 
ital charge. In large properties, street and steam railways 
particularly, the offices, furniture and fixtures are frequently 
items of considerable expense. The cost of the equipment of 
offices, if incurred at the end of the construction period, does not 
involve interest during the construction period and the item can 
follow this interest. If, however, it has come earlier, its cost 
should enter into the sum on which interest during construction 
is computed. 

Certain necessary stores and supplies must be provided ready 
for use in emergencies before the property can be put into oper- 
ation. After the plant has been in operation for a time, these 
graduallv adjust themselves as to quantities of the various items. 
The money represented by stores and supplies can bear no 
interest unless it be incorporated in the capital, or be carried as 
a floating debt. Incither case the interest on this money becomes 
a proper charge against earnings. The amount considered is 
usually an average taken from the books. 

Another item which occasions surprise is working capital. By 
this is meant the money which must always be available to pay 
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bills, labor and the ordinary expenses of operation, and which in 
the very nature of the fund cannot bear interest except it be in- 
corporated in capital, or be borne as a floating debt with interest 
paid out of earnings. In cither case it becomes a charge against. 
earnings, and therefore takes part as a factor in determining 
reasonable rates or charges. As between a capital charge and a 
floating debt it may be pointed out that as a capital charge the 
rate of interest would presumably be less than as a floating 
debt. A working capital is as necessary an expense as апу other 
in the production of a public utility property. Without it the 
business for which the propertv was constructed could not be 
» done. How often have we known of the failure of apparently 
good business enterprises merelv for the lack of sufficient work- 
ing capital. The amount of working capital, like stores and sup- 
plies, is usually an average taken from the books. 

We have now reached the point at which the property has been 
completed, having considered items, all of which may enter into 
the capital investment, and are ready to take up the second princi- 
pal factor, namely, operating expenses. With a working capital to 
hand, the property has been put into operation. It begins to 
earn, but a considerable time must elapse ordinarily before the 
earnings from operation suffice to meet all of the expenditures. 
By all of the expenditures I mean, interest on the cost of con- 
struction, taxes, operating expenses, a fund out of which the ex- 
penses of maintaining the integrity of the property can be borne, 
and another fund to provide for losses of capital at the end of the 
franchise period. These latter I will discuss separately under 
the head of “ Depreciation " and “ Sinking Fund ”, respec- 
tively. During this period of insufficient earnings, money must 
be borrowed to make up deficits; not only that, but interest 
must be paid on the borrowed money until the time that the earn- 
ings suffice to meet all expenses. This accumulated deficit. con- 
stitutes what may be termed the cost of procuring a going 
concern; in other words, the cost of establishing the business. 
Were the property to change hands at the time the earnings just 
suffice to pay all expenses, the cost of establishing the business 
would become the going concern value of the property, and be 
a part of the total value of the property as a going concern at 
that time. It is a difficult element of cost to determine satisfac- 
torily,in the absence of well-kept accounts, starting with the 
property itself. 

Not infrequently the point is made that the longer it takes to 
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establish the business, that is, the greater the sum of its deficits 
in earlier years, the greater is its value as a going concern. This 
apparent inconsistency 1s explained bv the fact that these deficits 
ате real costs, and necessary if the utility 15 to be had at all. The 
utility being a necessity, it must be supported by the public 
the same as any other necessity. The cost of establishing the 
business therefore becomes a factor in determining reasonable 
rates or charges. This cost, like that of working capital, if incorp- 
orated in the interest-bearing capital, becomes less of a burden 
against earnings than if carried as a floating debt. ` 

Probably the least understood factor of expense in connection 
with a public utility property is depreciation. I have called this 
the third factor in determining a reasonable charge for public 
utility service. By depreciation I mean the money required to 
to be paid out of carnings in order to meet the expenses of main- 
taining the integritv of the property. Depreciation 1s the re- 
sult of wear and tear and exposure to the elements. It also in- 
cludes the replacement of machinery which, while not vet worn 
out, has become obsolete; that 1s, no longer economical to use; 
or if still economical, no longer satisfactory to the public. De- 
preciation includes, further, the wrecking of the machinery due 
to accident, or to the acts of God. 

In the building of a public utility property all of the elements 
are originally new, but as time goes on these elements suffer wear 
or decay, some in one degree, some in another. When an ele- 
ment has become worn to a point where it is no longer profitable 
to keep it in service, it isreplaced. Thusin time we have a prop- 
erty which as a whole is made up of old and new elements, 
the condition of which in the aggregate is something less than the 
first cost of these elements new. Inthe very nature of the prop- 
erty it is impossible ever after it 1s once started to have present in 
it the full 100 per cent represented by all new elements. It can, 
however, be maintained in some condition less than 100 per cent, 
and it is usual and necessary to maintain it at a point which will 
enable the most satisfactory service to be rendered with the small- 
est expense consistent with satisfactory service. This point 
may be anywhere between 80 and 90 per cent, depending on the 
kind of property. 

The expense necessary to keep an element in service during its 
useful life is a plain operating expense classed under maintenance 
and repairs, and is not included under depreciation as I am de- 
scribing it. The depreciation fund is properly a separate fund, 
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maintained as such as distinctly as an interest fund. It is the 
fund which insures the prolongation of the life of the property 
indefinitely and always in a condition to render satisfactory 
service. Itis not, however, a fund out of which additions, exten- 
sions or betterments may be made, which in their nature consti- 
tute additions to capital. 

Thus understood, depreciation becomes a factor, and indeed 
a very important factor in determining reasonable charges for 
public utility service. Unhappily, the practise of providing 
this fund is not uniform with the different utilities—not uniform 
either in principle or practise. It has long been common for 
some utilitjes, railroads for instance, to wear down in lean years 
and build up in fat years. Thus the condition of the property 
is not maintained in some uniform condition expressed as a defi- 
nite percentage of the cost of all new elements, as for example, 
80 per cent, but may vary all the way from 75 to 85 pcr cent. 

It is commonly believed by the public that a utility property 
should not be permitted to earn on more than the so-called 
present .value of its phvsical elements; that 1s, their cost new less 
depreciation, say 80 per cent of the cost new, orless. As bearing on 
this I have pointed out that the property, which by means of a 
proper depreciation fund can be maintained at some definite per- 
centage which enables it to render satisfactory service, has cost 
100 per cent. That is, the 80 per cent property can not be had 
at all without expending the 100 per cent Thus in order to have 
an 80 per cent physical condition, we must have a capital charge 
of 100 per cent. From this it becomes apparent that in deter- 
mining a resonable charge we must base it not on the percent- 
age which represents condition, but on the cost of the property 
which cannot be maintained economically above an 80 per cent 
condition. 

If, however, it be insisted that only that percentage of the 
total cost which is represented by the maintained condition of 
the property can bcar an interest return, the loss of capital and 
interest thus incurred must be provided for out of earnings in 
another way, namely, by a sinking fund. This, then, is the 
fourth factor determining a reasonable charge for public utility 
service. It is to be borne in mind that in this entire discussion 
I am assuming only actual costs in the capital investment, and 
only such an interest rate as will induce the investment of the 
capital in the utility. At the end of the franchise period it is 
necessary to make good both principal and interest. 
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The importance of this sinking fund and its magnitude depend 
on the attitude of the public towards the utility company. The 
public service corporation works under a franchise, which is 
simply a grant by the public of the right to do business. у With 
certain kinds of utilities the franchise 1s perpetual, with others, 
the life is limited to a definite period, say, 30 vears. In some 
states, Wisconsin for instance, indeterminate franchises are 
granted; that is, franchises which can be called in, or surrendered, 
at any time, subject to control by the Railroad Commissionof that 
state. In the case of a limited franchise under which the utility 
company must cease operations and close up its business at the 
end of a definite period, the company must make not only enough 
to pay the interest on the cost of the plant and maintain it 
alwavs in condition to render the service demanded by the public, 
as well as the operating expenses, including taxes, insurance and 
repairs, but also an additional amount to cover whatever part 
of the plant must be sacrificed at the end. This means a sinking 
fund to retire portions of the cost, if not the entire cost. In 
other words, the company must carn enough during its life to pay 
back whatever part of the principal has to be sacrificed, as well 
as the interest on the principal, in addition to maintaining and 
operating the plant satisfactorily during its franchise life. 

This sinking fund is not always, indeed, I may say, is not 
generally, kept as a separate account, in this country; but is taken 
out in the form of distributed earnings from year to year in excess 
of the amount normally required as interest on the cost. Not 
infrequently what appears as an abnormally large dividend will 
on analysis be found to be only sufficient in the end to make good 
to the investor both the interest on his money and the principal 
sacrificed when the business is closed out. 

It should be clear from this that in general a long term franchise 
is more favorable to the public, so far as charges for service are 
concerned, than a short term. To illustrate: assume that the 
plant must be sold for what it will bring as scrap or second-hand 
material; the difference between its cost and sale value must be 
made up out of earnings during the life of the franchise. Thus, 
if the franchise life be short, say 25 years, the sinking fund annuity 
must be much larger than if the life be 50 vears. No annuity 1s 
required, when the hfe is perpetual. No doubt longer term 
franchises will be granted in the future, particularly now that 
the control of them is being lodged by the states in public service 
commissions. 


-— Y 
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I am not discussing in this paper conditions which have 
existed in the past, or may exist, now, in connection with old prop- 
erties, but am confining myself to fundamental things,those which 
should guide us in our future relations; those relations which will 
come to exist when the public service corporation is permitted 
to earn only enough on its investment to bring capital into the 
field; that is, the critical condition, as it were. 

There remains for me only one more topic, and this I have put 
off until the last, always shying at it, and going around when 
possible. І refer to discounts and securities. This I have found: 
No bond house will even consider financing a public service cor- 
poration without a bond discount. I refer particularly to 
utilities built and operated under a limited franchise. It will 
have to be a good property to secure better than 15 per cent dis- 
count. It is an excellent property which commands as low as 
10 per cent discount. The best discount I have ever come across 
in my own investigations is 8 per cent. This does not apply to 
municipalities, however, at least not to the same extent. 

The simple conclusion is that if the public utility is a necessity 
and the money for it is obtained in the usual way, one element of 
cost 1s the discount on the bonds, which in effect starts the prop- 
erty off with some water in its securities. І 15, or is not, water, 
as you view it. Anyhow it is necessary in the ordinary way of 
financing properties. Thus we are obliged, in determining a 
reasonable charge for public utility service, to consider not merely 
the actual cost as I have previously given it, but something more, 
namely, the face of the securities which command an interest 
return. Opinions differ on whether it is better for this discount 
to be absorbed as a capital charge or carried as an interest charge. 
So far as the purpose of this paper is concerned it is not material, 
as in either case there must be a charge against earnings to take 
care of the discount. 

It will be convenient to bring together the several elements 
which take part in determining a reasonable charge for public 
utility service. Not all of them take part at the same time, nec- 
essarily, for some may appear in one case and not in another; 
or several may be combined in a single item. Ina general way 
and in a somewhat natural order, they may be summarized as 
follows: 

First, Capital Investment. 

1. Preliminary costs covering investigations as to feasibility 

of project. 
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NOTE.- Organization, promotion, administration, and legal ex- 
penses, engineering and superintendence during construction, 
which are distributed over the whole period of construction, are 
more conveniently placed later in the schedule. 

2. The physical propertv; the several items making up the 
whole arrangedin order, each affected with its proper allowances to 
cover contingencies, special engineering, and other costs peculiar 
to the item; land first, followed bv clearing and grubbing, then 
the various structures and equipment; sub-contractors' profits 
included with separate items. 

3. General contingencies applicable to the property as a whole 
as distinguished from special contingencies applicable to partic- 
ular items. 

4. General contractor's profits; or, the profits to an engineer- 
ing firm building the property on the “ cost plus a percentage ”’ 
plan. 

5. General engineering, and superintendence during construc- 
tion. 

6. Insurance and taxes. 

7. Organization, administration, and legal expenses. 

8. Cost of promotion, and promoter's profits. 

9. Interest during the construction period. 

10. Office furniture and fixtures. 
11. Stores and supplies. 
12. Working capital. 


Second, Operating Expenses. 


13. Operating expenses per se; that is, salaries, wages, fuel and 
other supplies, repairs and upkeep; all expenditures required in 
rendering the service of the utility, including insurance and taxes. 

14. Interest on the capital investment (the actual cost of the 
property), i.e., interest on securities which must be paid regularly. 

15. Interest on floating debts; this may include the discount 
on bonds, and the cost of financing, if these have not been in- 
corporated with capital. 

16. Cost of establishing the business; the sums of moncy re- 
quired to be borrowed, with interest on the same, to make good 
the differences between the earnings and expenditures up to the 
time the carnings become sufficient to meet all expenditures. 
This may be made a capital charge, or carried as a floating debt 
to be paid out of future earnings. 
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Third, Depreciation Fund. | 
17. The regular contribution to the depreciation fund, out of 
which the integrity of the property is to be maintained. 


Fourth, Sinking Fund. 


18. Theannuity required to retire such portions of the securities 
as may be necessary at the expiration of the franchise life of the 
property, in order that the investor may receive back his entire 
principal when the business is closed out. 

It will surprise everyone not familiar with the cost of building 
utility plants to learn that the so-called over-head charges are in 
the aggregate a large percentage of the costs of labor and the 
material things entering into their construction. Ап exami- 
nation of the various percentages mentioned in discussing the ele- 
ments of cost, omitting items 1, 4, 8, 15 and 16, will disclose 
that if the individual contingencies of construction, special en- 
gineering charges, and contractor's profits be assumed to be em- 
braced in item 2, the total percentage may vary from 12 to 25 
per cent; and if these inside percentages be added to the outside, 
or general, percentages, the total percentage may vary from 30 
to 60 per cent. | 

It is to be regretted that engineers, and others who have had 
experience in building properties, and valuing them afterwards, 
have not done more towards disseminating knowledge of the 
actual conditions found in such work. We should then be much 
further along towards the mutual understanding which must ex- 
ist before the public and the public service corporation can get 
together on common ground. But engincers have many times 
hesitated to use the larger percentages, fearing to bc accused of 
favoring the corporation. "They have preferred instead to secure 
the equivalent of them by using larger units of costs; or have used 
the smaller percentages, influenced by the fecling, unconsciously 
perhaps, that all things considered, the results were fair enough. 
In combining the judicial with their engineering function, they 
have unwittingly only obscured the issue. All too frequently 
engineers have felt obliged to exert themselves to the utmost in 
favor of their client, leaving the interests of the other side to be 
fought for with equal solicitude by an opposing engincer. Thus 
they have become advocates. This, in my opinion, is not the 
best way to handle these momentous problems. It would be far 
better in these troublesome times to throw open the blinds and 
let in all the light, our motto being veritas vincat. 


Presenied at the meeting of the Schenectady Section 
of the American Institute of Electrical. Engi- 
neers, Schenectady, N. Y., December 16,1913. 
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POWER FROM MERCURY VAPOR 


анана 


BY W. L. R. ЕММЕТ 


ABSTRACT OF PAPER 


The author describes a thermodynamic process using a 
mercury boiler in tandem with a steam-generating apparatus 
for the production of power. As mercury boils at 677 deg. fahr. 
at atmospheric pressure and condenses in a 28-in. vacuum at 455 
deg. fahr., its temperature and pressure characteristics make 
possible the utilization of some of the energy available in ranges 
above those practicable for steam apparatus. The object of 
the new development is therefore to increase efficiency, by 
increasing greatly the temperature range available. The 
mercury vapor produced in the boiler passes to the nozzles of 
a turbine which drives a generator or other utilizer of power, and 
thence to a condensing boiler, where it is condensed to liquid 
mercury on the outer surface of tubes which contain water. The 
heat given up by the mercury vaporizes the water, and the 
steam produced is used to drive other turbines or for any other 
purpose. The author describes the experimental development 
of the mercury boiler, which is of such a design as to require the 
least possible amount of mercury. Means are provided to 
guard against the loss of mercury at any of the joints, and for im- 
mediately detecting any leakage if it should occur. Тһе advan- 
tages and disadvantages of the process are discussed, and the 
most advantageous size of unit for commercial application. 


HE THEORETICAL limit of efficiency in a thermo- 
dynamic process is the ratio of the temperature range 
embraced by the process to the maximum absolute temperature 
Т — Т, 
— > 


power development, the lower limit is fixed by the temperature 
of cooling water avatlable, and is therefore not susceptible of 
variation. The possible upper limit is the temperature which 
can be produced by our fuel when burned with air, which in 
practise is about 2700 deg. fahr. 

The purpose of the process here described is to utilize some 
of the energy available in ranges above that which can con- 
veniently be utilized with steam. The theoretical efficiency 
Of steam processes can be increased by using higher pressures, 
but since with rise of temperature the increase of pressure is 
very rapid, and since the steam turbine has limitations in the 
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used, In all processes available for commercial 
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efficient use of high pressure, prospects of gain in this direc- 
tion are not very attractive. 

Mercury boils at 677 deg. fahr. at atmospheric pressure and 
condenses in a 28-in. (711-mm.) vacuum at 455 deg. fahr. 
It is therefore well adapted, at least by pressure and tempera- 
ture conditions, for use in a temperature cycle above that now 
used with steam. Its use to increase greatly the temperature 
range available, and so to increase efficiency, is the object of 
the development here described. 

Before going further, the writer desires to explain that the 
principle involved in this process was suggcsted to him by Mr. 
Charles S. Bradley, who proposed and patented a quite similar 
process in which he intended to use certain other substances 
of high boiling point and relatively high vapor density. It 
has since been learned that there have been other proposals 
along similar lines, although none of them have involved the 
use of mercury. Consideration of the possibilities suggested 
by Mr. Bradley led the writer to studv the characteristics of 
mercury, and from this study and a course of experimenting 
which has been going on for a vear, the plans of procedure 
here shown and explained have been evolved. A set of ap- 
paratus suited to the production of about 100 h.p. has been nearly 
completed and it is hoped that experiments on a scale and of 
a character approaching commercial conditions may be made 
within a month or two. Anything so completely novel and so 
essentially complicated is naturally lable to delays, so that 
the prospect of successful tests cannot be confidently predicted. 
Since the process has been talked about and since a good deal 
of interest has been expressed, the writer has thought best to 
record his expectations and to make explanation of the plans 
which have so far been evolved. 

In studying the thermodynamic possibilities of a substance 
like mercury, we procecd exactly as we do in the case of steam, 
and for the sake of convenience it may be well to give here 
some data relating to the subject. 


Boiling point of mercury at atmospheric 


DICSSUNE o bus Baha, ЫЛА даа 677 deg. fahr. (358 deg. cent.) 
Boiling point of mercury at 28-1п. 
Жасайт uox ew ар акта Ы bas 457 deg. fahr. (236 deg. cent.) 


Vapor density is in the ratio of atomic weight and absolute 
temperature; as compared with water the vapor density of 
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mercury is therefore 6.56 times as great at the boiling point 
and 6.8 times as great at 28-in. (711-mm.) vacuum. 


Specific heat of mercury liquid...................... 0.0373 


i " ш gas, (constant pressure)...... 0.0248 
(According to Kurbatoff; Zeit. Phys. Chem. 43, 104, 1903). 


Latent heat of vaporization— 


at 25 Ib. (11.3 kg.) abs. r = 117 B.t.u. 
415 '" (6.8 kg) “ f-]18 “ 
“ 28-in. (7Z11-mm.) vacuum r = 121 “ 
'" 29-in. (737 mm.) “ g= 1215 “ 


(Calculated from formulas by Kurbatoff). 


The boiling point of mercury at various pressures is shown 
by an accompanying curve, Fig. 1, and curves are also given 
in Fig. 2 showing the encrgy theoretically available from mer- 
cury vapor within various pressure ranges. These curves are 
calculated from Rankine’s formula: 


E = 778 [0-0 ( 1 +108. ©) +o (21-01) | 


О» О, 
Е = energy in ft-lb. 
О, and О; = heat of liquid. 
x = dryness factor. 
r = latent heat. 


The data above stated may not have been as accurately de- 
termined as those which are available for steam calculations, 
but their substantial accuracy is indicated by the fact that in 
our experiments, the measured flow of vapor through nozzles 
has closely checked the calculations. 

The method applied in this process may be stated briefly 
as follows: Mercury is vaporized in a boiler heated by a furnace 
of ordinary type. From this boiler (see Fig. 3) it passes at 
a pressure near or not much above the atmosphcre, to the 
nozzles of a turbine which drives a gencrator or other utilizer 
of power. From this turbine it passes to a condensing boiler 
where it is condensed on the outer surface of tubes which con- 
tain water, and this water is vaporized by the heat delivered, 
and the steam produced is used to drive other turbines or for 
any other purpose. This condensing boiler is preferably placed 
at a level above the mercury boiler, so that the condensed liquid 
will run back into the mercury boiler by gravity without the 
aid of a pump.. Since the mercury vapor is much hotter than 
the steam, the gases will normally leave the mercury boiler at 
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higher temperatures than they have in leaving a steam boiler. 


To utilize this excess heat in the gases, it is proposed to convey 


them first after leaving the mercury boiler through a heater 
which raises the returning liquid almost to the boiling point, 
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second through a superheater which superheats the steam de- 
livered by the condensing boiler, and third, through an econ- 


omizer which heats the feed water for the condensing boiler 
and so reduces the gases to the lowest practicable flue tem- 


perature. 
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By careful study and experimental development, which will 
be later explained, means have been devised for reducing the 
amount of mercury used, for effectively preventing its loss or 
dissipation, and for immediately detecting any failure in such 
prevention. 

The disadvantages of mercury for such a process are: First, 
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Fic. 2—ENERGY THEORETICALLY AVAILABLE FROM MERCURY VAPOR 
WITHIN VARIOUS PRESSURE RANGES 


that it is very expensive, its cost being about 60 cents per 1b. 
($1.32 per kg.). Second, that it is poisonous and is capable of 
pervading the atmosphere in a very finely divided state in the 
neighborhood of places where the vapor can escape. Third, 
there are certain difficulties in confining both the vapor and the 
liquid, although these, with proper methods, are not serious. 
Mercury’s advantages as a thermodynamic fluid for the 
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purpose desired are many. First: its boiling points at desired 
pressures are convenient. Second: its high specific gravity 
makes possible the' use of gravity feed, scaling of valve stems, 
etc., and centrifugal sealing of turbine packings. Third: it 
is completely neutral, at the temperatures uscd, to air, water, 
iron, and such organic substances as it may come in contact 
with. Fourth: it carries nothing in solution which can adhere 
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Fic. 3—DIAGRAMMATIC VIEW OF APPARATUS TO GENERATE POWER 


1. Mercury vapor boiler. 11. Feed water economizer. 
7. Heater for liquid mercury. 13. Mercury turbine. 

8. Condenser boiler. 21. Steam turbine condenser. 
9. Superheater (steam). 23. Electric generator. 
10. Steam turbine. 24. Mercury vapor pipe. 


to or affect heating surfaces, consequently the interior of boiler 
is always perfectly clean. Fifth: its vapor density is so high 
that it gives a very low spouting velocity, and consequently 
a very simple type of turbine can be used. Sixth: it does not 
wet the surface of turbine blades and consequently gives ap- 
parently no erosion. It is believed that the action between 
the vapor with its accompanying liquid and the blade surface 
will conduce to a high economy in a turbine, although no posi- 
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tive data on this subject have yet been obtained. Seventh: 
Its volume at convenient condensing temperatures is such that 
it can be used in turbines without excessive bucket heights. 
One of the greatest limits of design in steam turbines is the large 
area required for the efficient discharge of the low-pressure 
steam. With mercury vapor, this difficulty does not exist. 
Eighth: delivering its heat at the temperature and in the man- 
ner which it does, the condensing boiler in which this heat 15 
used to make steam is very small and simple as compared with 
a steam boiler. Steam boilers transmit an average of about 
6 watts per sq. in. (6.45 sq. cm.) with an average temperature 
difference of about 1100 deg. fahr. А surface condenser trans- 
mits 18 watts per sq. in. with 20 deg. fahr. temperature dif- 
ference. The mercury boiler is about equivalent in dimensions 
to a surface condenser, and since there is no high temperature 
involved, there will be no possibility of scaling or burning. 
Thus in this process we have low pressure and a clean boiler 
interior at the hot end, and small and perfectly distributed 
temperature differences at the low-temperature end of the pro- 
cess, where steam is made. High temperature, unequal dis- 
tribution of heat, and the necessity for large heating surface 
constitute the principal difficulties of boiler construction. 
All of these are overcome in this method of making steam. 

In this process the mercury vapor acts automatically as a 
conveyer of heat from the fire to the condensing steam boiler. 
If, through loss of load or other reasons, the mercury turbine 
admission is shut off, the vapor bypasses through a safcty 
valve provided for the purpose, so that all the heat delivered 
to the mercury is immediately put into the steam boiler, except 
the fraction which is converted into power by the turbine. 

Thus the fireman, in this process, will maintain steam pressure 
just as he now does. The steam produced will be used just as 
it now is in existing apparatus, and the output of the mercury 
turbines will be simply a by-product which is additional to the 
power which is now obtained. Studies have indicated that 
if this process works out as expected, the apparatus described 
can, in many cases, be put into the building space now occupied 
by steam boilers, so that the act of changing existing steam 
plants to this process should retain in use most of the existing 
- investment. 

Before entering into the details of experiments or of the meth- 
ods by which it is hoped to accomplish these results, it may 
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be wcll to state the degrees of economy which should be ac- 
complished if this development succeeds. Assuming heat de- 
liveries to surfaces exposed equal to those in steam boilers under 
equivalent conditions of temperature difference, gas velocity, 
and radiation, and assuming a turbine efficiency equal to that 
of steam under equivalent velocity conditions, the calculation 
shows that in an efficient modern power station, the same 
amount of steam can be delivered to the turbines at the same 
superheat, thus giving the same turbine output, and that in: 
addition about 66 per cent of the power so delivered can be de- 
livered by mercury turbines, the fucl required being only about 
15 pcr cent greater than that which would be used with the 
stcam alone. Thus the gain in capacity of an existing station 
would be approximately 66 per cent and the gain of output per 
pound of fucl would be about 44 per cent. This calculation 
is based upon a mercury vapor pressure 10 Ib. (4.5 kg.) above 
the atmosphere and a vacuum of 28.5 in. (724 mm.) at the 
steam turbine outlet. 

About 10 lb. (4.5 kg.) of mercury would be evaporated for 
each pound of steam produced, the steam pressure being about 
175 lb. (80 kg.) gage, superheat 150 deg. fahr., and the final 
temperature after gas leaves economizer being about 300 deg. 
fahr. Thc vacuum in both steam and mercury turbines can be 
maintained by the same air pump, means being employed to 
separate all mercury vapor from the air in a suitable cooler. ` 

А non-condensing stcam plant produces more than half as 
much power from a pound of fuel as a good condensing station, 
and since the mercury process can be superimposed upon a non- 
condensing steam process as well as upon a condensing steam 
process, it 1s obvious that with the mercury combination the 
non-condensing plant can be made almost as economical as the 
best existing condensing plants. It is also obvious that when 
the mercury process is added in cases where steam 1s less eco- 
nomically used than in modern power stations, the gain will 
be relatively greater. The purpose of the process is to replace 
steam boilers wherever they are used and to obtain power from 
mercury turbines as a by-product. 

Experimental data indicate that not more than $10 worth 
of liquid mercury per kilowatt output of mercury turbine will 
be required for such a process, and it is probable that with suit- 
able arrangements, this amount can be considerably reduced. 
The general application of such a process would require im- 
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mense quantities of mercury, but inquiry has indicated that 
the sources of supply are such that the largest conceivable de- 
mand for such a purpose would not permanently increase the 
price. 

In the experimental calculations of this process which have so 
far been made, the vapor has been produced in heating clements 
similiar to those proposed for an actual boiler under the most 
severe condition of heat delivery by gas flow and radiation. 
The vapor has been carried from such boiler elements to a 
nozzle and this nozzle has been exhausted into a condenser 
from which the liquid is drained back into the boiler by gravity, 
the vacuum being maintained in the condenser by an air pump. 
In this experiment the only element lacking is the turbine 
wheel, which, although it constitutes the only visible evidence 
of results in such a process, is in reality unimportant, since the 
nozzle is the real engine which transforms heat into motion, 
the movement of the wheel by the moving fluid being a me- 
chanical matter governed by laws which are very well under- 
stood. | 

In these experiments, pressures and amounts of liquid con- 
densed were measured, and these measurements show that the 
flow of vapor through the nozzle was in agreement with the 
calculations from the data above stated. 

In all the tests which have been made with these experi- 
mental elements, there has not been a trace of chemical action 
upon the mercury or stecl, although air, water, oil, and various 
kinds of dirt have bcen present in considerable quantities, and 
although very extreme temperatures have at times been used. 

Investigation of the conditions of heat transference and cir- 
culation in the production of mercury vapor has involved much 
labor in study and experimenting, and through this work certain 
data have been collected which, in combination with known 
data concerning action in different parts of steam boilers, have 
been applied to the design of a boiler of considerable size, which 
is now nearly completed. "This boiler would appear to be the 
only part of the process which involves any difficulty, and it 
is hardly fair to expect that it will be in every respect satis- 
factory or in accordance with calculations, although the evi- 
dences in its favor seem to be very strong, and although every 
detail which enters into it has been the subject of successful 
experimenting. It is believed, however, that any difficulties 
which may arise can be corrected and that this process is prac- 
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ticable for approximately such results as have been stated. 
A turbine of suitable design has also been produced, and a con- 
densing boiler, with all the auxiliary apparatus necessary for 
the trial of the process as it might be applied commercially. 
With a view to developing a design for a mercury boiler 
which would produce the vapor with the practicable methods 
of firing without destructive temperatures in the stcel and with 
a small total amount of mercury in use, it has been necessary to 
do much experimenting to determine the bchavior of mercury 
under boiler conditions. The first experiments made were 
with tubes containing solid cores with a small clearance be- 
tween the core and the tube, and a central hole in the core 
provided for circulation of the liquid. The apparatus used in 
this experiment is shown by Fig. 4. А rod was carried down- 
ward through the central duct and projected out through a 
packing as shown. The relative expansion of this rod and of 
the outer walls of the tube was indicated by a multiplying lever 
as shown, which afforded an accurate measure of average 
temperature difference between the outer walls, which con- 
stitute the heating surface, and the liquid which was flowing 
in contact with the rod. This tube was subjected to various 
heating conditions and curves were plotted which compared 
rates of vapor flow with temperature difference. Some unex- 
pected results were encountered, and the nature of the action 
was investigated by boiling mercury in concentric glass tubes 
having an annular clearance about equivalent to that used in 
the stcel tubes. These experiments showed that to absorb a 
large amount of heat with a small temperature difference be- 
twcen the heated surface and the liquid, it was necessary to 
provide for a very free circulation of the liquid so that a large 
amount of liquid could flow. The size of the central hole had 
a very positive effect upon the vapor capacity of the tube. 
Since the mercurv does not wet the hcating surfaces, the ten- 
dency 1s for the vapor to fill the space between the liquid and the 
heating surface and thus to prevent hcat removal. The way 
to get effective action in a mercury boiler is to create conditions 
by which so much liquid will circulate in hot parts that very 
Httle vapor is formed until the heated liquid reaches the upper 
parts of the tubes where the pressure is relieved, and where 
the heat stored begins to be released in vapor. 
Difficulties with temperature differences are only encountered 
in the hottest parts of the boiler where radiation plays an im- 
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portant part. With the low rates of heat transference which 
prevail through a greater part of the surface, extremely narrow 
spaces can be provided for the circulation of liquid and for the 
release of the vapor which is formed. 

Having obtained, by experiments, data concerning possible 
rates of heat transference, a boiler was built in which the heat- 
ing surface was made up of round tubes with concentric cores. 
The tubes were expanded into a horizontal shect which formed 
the bottom of a box, and arrangements were made by which 
the central ducts in cores always received a supply of liquid. 
The tubes in this boiler were rather thin, and in experimenting 
with it, it was found that at the hot end the expanded joints 
in the tube sheet became loose, the temperature differences 
imposing strains which exceeded the elastic limit of the metal. 
This trouble could have been corrected by acctylene-welding 
these joints, but this would have involved various changes 
and difficulties, and since trouble was also encountered in 
making the bolted joints of the box vacuum tight, it was de- 
cided to abandon this boiler and build another on an entirely 
different principle, which had been in the meantime devised 
and experimented with. The construction of this new boiler 
is shown by Fig. 7 and the experimental unit used to determine 
its characteristics is shown by Fig. 6. 

This boiler is made up of a number of heating units, cach 
consisting of an upper and a lower header which are connected 
together by curved flattened tubes. The flattening is to reduce 
the space which must be filled with liquid mercury without 
diminishing the surface. The curvature is to prevent mechanical 
strains through inequal expansion caused by irregular heating. 
These flattened tubes are connected into the hcaders by acety- 
lene-welded joints. "The tubes are first welded from the inside 
into channel-shaped pieces; these channels with the sct of tubes 
connecting them are then annealed so as to release all strains 
incident to the welding. After annealing, they are tested with 
high-pressure air, suitable clamps being used to confine the air 
in the channels. If the welded sheets will stand the anneal 
and the subsequent pressure test, it is assumed that they will 
be reliable for service, since in service they will be subject to 
uniform temperature conditions and will be practically free 
from mechanical strains. These channel pieces are then 
welded to steel headers so that the whole unit becomes per- 
fectly tight and capable of standing a high pressure. The 
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headers of these units terminate, as shown, in taper nozzles, 
which fit into taper holes in the bus header at the bottom and 
into a vapor chest at the top. A curved liquid duct connects 
the vapor chest to the bottom header at the hot end so that 


Fig. 7— ASSEMBLY OF EXPERIMENTAL MERCURY BOILER 


the heating units which are exposed to the greatest heat re- 
ceive the most direct supply of liquid. In these hot units, a 
larger internal space will be allowed than in the units which 
occupy the cold part of the boiler, so that the colder part will 
not carry an unnecessary amount of liquid. 
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If these heating units will remain tight, and the success of 
experiments indicates that they will, it will be impossible for 
liquid mercury or vapor to escape except at the joints where 
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these headers connect to the bus headers and to the vapor chest, 
or at the joints through which the vapor is conveyed to the 
turbine. To guard against loss through leakage in such places, 
arrangements have been made, as shown in Figs. 8 and 9, by 
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which the sets of joints at the top and bottom of the boiler are 
enclosed in boxes which are practically air-tight, the bolts used 
in tightening these joints extending outside of the boxes in such 
a manner that a leaky joint can be drawn up. These boxes 
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are connected by ducts to a condensing cooler in which low 
pressure is maintained by suction from the base of the stack 
or from any other sufficiently exhausted place. This suction 
will maintain within the boxes a pressure lower than any of 
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the pressures which surround them, so that there will be a con- 
stant indraft of air through such leaks as may exist and a flow 
of all liquid or vapor which may escape, into the cooler, where 
it will be carried through passages over water pipes until all 
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the vapor is condensed and nothing but cool air and gas is dis- 
charged. In a similar manner, any joints in the system which 
might possibly be subject to leakage can be enclosed by boxes 
and connected to this same cooler. By this means, all possible 
leakage, except that which may occur in heating units, will be 
effectively caught. 

In case'there should be loss of mercury in any of the heating 
units, means are provided by which such loss can be quickly 
discovered before any large amount has escaped. The feed of 
each boiler is so arranged that it is governed automatically 
by the difference of pressure between the lower header from which 
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liquid circulates and the pressure in vapor chest, this being the 
force necessary to produce sufficient circulation. Back of the 
valve which admits the feed, there is a reserve chamber, and 
connecting means are provided by which the level of liquid in 
this reserve chamber is visible to the fireman. In case loss of 
this liquid is apparent, the doors would be opened, the fire 
drawn, and the liquid drained out of the boiler into a receiving 
tank. The boiler can then be tested with air pressure and the 
leaky elements can be replaced, the construction being such 
that any one of these elements can be taken out without dis- 
turbing the others. 

The arrangements of the turbine have also been improved as 
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the result of experience. The first turbine arranged was made 
from an old experimental steam turbine and had many joints 
which were difficult to keep vacuum-tight. The new experi- 
mental turbine has only one joint, arranged in a manner which 
has been experimented with and which will avoid leakage. 

The condensing boiler used in the experiment now in prepa- 
ration is made from a standard high-pressure feed heater 
having a water space at the top and bottom connected by tubes 
in the manner customarily used in such devices. This boiler 
has apparently worked satisfactorily and produced steam from 
mercury vapor in the manner expected. It is not, however. 
considered a suitable design for the purpose, since the tem- 
perature differences impose a strain on the expanded tube sheets, 
It is thought that tubes attached at one end with concentric 
circulation after the manner of the Nicholaus boiler will afford 
the most satisfactory method for such condensers. Since no 
violent temperature differences will exist, it is believed that 
these condensing boilers can be made practically free from de- 
terioration and entirely free from leakage. 

As has been said, the turbine is provided with a centrifugal 
packing and is kept sealed by a constant admission of liquid 
mercury from a suitable level in the condensing boiler. The 
turbine is also provided with a throttle valve which can be used 
in governing, and with a bypass valve which allows the vapor 
to pass directly to the condensing boiler in case the admission 
to the turbine is shut off. 


PROPOskEb METHOD OF COMMERCIAL APPLICATION 


The plan which has been considered for commercially арріу- 
ing this process is to produce a simple type of unit suitable for 
installation in the same floor space occupied by a standard 
500-h.p. steam boiler. This unit would be so proportioned 
that the steam output of the condensing boiler would equal 
that obtainable from the standard 500-h.p. boiler. For each 
of these boiler units, a separate turbine and generator would 
be provided, the nature of this process being such that there 
is no loss of сћсіепсу involved in such multiplication of gen- 
erating units. 

Since it would never be desirable to operate these mercury- 
driven generating units alone, the generators could be made 
cither of the induction or synchronous type, completely en- 
closed, with an air supply from some clean outside source. 
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Their circuits would run to the main switchboard, they would 
need no attendance, and the space around them would not 
have to be kept either cool or clean, although it would generally 
be possible to get them within an enclosure which would not be 
exposed to the fire-room dirt. By such means a single set of 
parts or combinations of a few standard parts could be made to 
cover a very wide demand, and this would greatly simplify the 
commercial introduction of such a process. 

Without the acetylene welding process, a satisfactory mercury 
boiler design would be very much more difficult to arrive at. 
The manufacture of such boilers as are here described would 
involve a very large amount of acetylene welding, requiring 
great care and a considerable expense. | 

The possible cost of the commercial application of such а 
process has not been carefully studied. It has, however, been 
roughly estimated that if existing stations were converted to 
this method, the cost per kilowatt of added power would not 
exceed the present cost per kilowatt of well-designed steam 
stations, not including the cost of real estate. Thus this pro- 
cess, if successful, would greatly extend the capacity of exist- 
ing stations and postpone the building of new stations, the sav- 
ing would about cover the real estate values, and the gain in 
fuel economy over that of the best existing plants should be 
about 45 per cent. 

Such a process, with the most efficient oil firing of boilers, 
ought to give a fuel economy very near to that which is com- 
mercially obtainable by Diesel engines, and its mechanical 
simplicity and freedom from the probability of deterioration 
should give it a very decided advantage over the Diesel engine. 
While it is not wise to make definite predictions about any- 
thing so radically new, it certainly appears to the writer that 
this process is worthy of very careful study. 
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DiscussioN ON Group II PAPERS (METHODS ОР DETERMINING 
Losses IN APPARATUS), NEw York, FEBRUARY 27, 1913. 
(CONTINUED FROM NOVEMBER, 1913, PROCEEDINGS, PAGES 

F* 2007-2052). 

(Subject to final revision for the Transactions.) 

Н. Е. T. Erben: I wish to say a few words in relation to the 
possibility of obtaining a correction factor which will be unt 
versally applicable to machines of a given tvpe. 

I note 1n Messrs. Olin and Henderson's paper that they recom- 
mend certain correction factors, each of which will be applicable 
to all machines of a certain class. For example, they have a 
correction factor of 1.3 for direct-current generators and motors; 
1.10 for alternating-current generators and synchronous motors; 
1.10 for 60-cycle converters, and 1.0 for 25-cycle svnchronous 
converters. 

Our tests have shown that diffcrent correction factors must 
be applied to various types of machines comprising a general 
group, and these factors will vary very considerably. For 
example, we have shown that the correction factor for a fully 
compensated generator may be as low as 1.2 for a commutating 
pole generator about 1.3, and for a non-commutating pole gen- 
erator it may be as high as 1.5. Again the correction factor 
for variable speed motors will be greater than for a constant specd 
motor, due to the distortion of the wave form. 

There will also be a different correction factor for commu- 
tating pole and non-commutating pole synchronous con- 
verters and another correction factor for converters of the 
svnchronous booster commutating pole type. It is there- 
fore, evident that if we intend to apply correction fac- 
tors we must subdivide any given class of apparatus into its 
various types in order that we may arrive at thc true value of 
the efficiency. Such a course of procedure might lead to such a 
multiplicity of correction factors that the whole scheme would 
become unworkable. However, I am not saying this in any spirit 
of discouragement as I believe the various manufacturers should 
continue the tests which have been so ably carried out during 
the past few months and it might be advisable later on for the 
Institute to appoint a sub-committee to formulate rules based 
on all the available test data. 

I fully believe that 1n those cases in which 1t 1s impossible to 
obtain accurate input-output tests that the cfficiency should be 
determined by following the segregated loss method in combina- 
tion with a suitable correction factor. 

B. A. Behrend: АП of us who have listened to the thoughtful 
remarks of Mr. Foster will, I think, be inclined to agrce with him 
absolutelv in his statements and recommendations. As I 
understand Mr. Foster, he desires to represent the full efficiency 
in his tests, and he suggested for alternating-current generators, 
of course, also for direct-current generators, the input-output 
test, which was first suggested in 1885, by the late Dr. John 
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Hopkinson. The cost of that test is, however, frequently pro- 
hibitive. On that account it is difficult to carry it out in the 
power house от in the testing department. From time to time, 
however, two generators happen to be on the same shaft, either 
alternating-current generators, Of direct-current generators, 
and then such tests can be made in а very simple and accurate 
manner, yielding very important data. 

In applying these data to other cases, by using the experienced 
designer's judgment, we can obtain fairly good ideas of the 
actual efficiencies of machines, which can be used to form & 
basis for guarantees, even though, perhaps, We know only the 
individual losses. For example, if we have to guarantee а 25,000- 
kw. turbo generator, to operate at 1500-rev. per min., and we 
have the data on à 10,000-kw. unit, it would not be difficult for 
a man of Mr. Lamme’s experience to make his estimates in such 
a manner that he would secure fairly accurate results. 

The advantage of the use of the short-circuit loss curve, 1 
think, is not to be underestimated. The use of one-third of the 
total loss 15 arbitrary and absurd, as Mr. Lamme justly pointed 
out. Whether or not we shall take the entire hort circuit loss 
or whether wc shall deduct from it the core loss, corresponding 
to the open circuit voltage, which corresponds to the short-cir- 
cuit current, is a matter of judgment. 

Mr. Erben's extremely interesting results have shown that in 
order to coordinate the data on diffcrent types of machines it 
will be necessary to use correction factors, « thousands of them," 
and we should be worse off at the end than we were at the begin- 
ning. | | 

If we should deduct the iron losses from the short-circuit core 
losses, WE would certainly get а more nearly accurate measure 
of the short-circuit losses than we should have if we included 


doubt. Those of us who have becn through the building of large 
machines up to 25,000 kw., at very high speeds, appreciate the 
fact that we continually learn. As Darwin said in the preface 
to his great work, “Тһе Descent of Man, ә“ THis more frequently 
ignorance that begets confidence than does knowledge.” It 
will serve no good purpose to collect а number of utterly worth- 
less correction factors. It is senseless to do it. You had better 
take the data Mr. Schuler mentioned todav, calculate conven- 
tional efficiencies, and thus simplify your work. Conditions ате 
constantly changing. You all remember that ten years ago the 
£ormer Grand Central Station was completed. To-day that 
station has disappeared, and a new one, which has taken its 
place, has just been opened. Ten years ago the large 5000-kw. 
generators which Mr. Lamme designed for the Manhattan 
Railway in New York City were the leading machines of their 
class. To-day they are thinking of replacing them with turbo- 
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generators. In ten years we have gone from 75 rev. at 5000 kw. 
to 1500 rev. at 25,000 kw. 

I want to point out again that you are standardizing the past. 
Probably five years hence the facts will have ruthlessly wiped 
away the wholc cobweb of rules we are laying down here. Your 
rules must be flexible, so that they can be applied to changing 
conditions. I plead for this because I fecl very keenly the hamp- 
ering influence of the old rules. It is a matter well worthy of 
serious consideration, especially by designing engineers. 
know Mr. Lamme is in full accord with me. I do not like to 
say that for him, because he can say it for himself. I am sure I 
am in full accord with his 1deas on the subject. It is extremely 
dangerous to go too far. The problem before us consists in lay- 
ing down a few general rules which will not handicap and hamper 
the designing or consulting engineers. Make the rules general, 
and prescribe methods of test. For example, say whether the 
commutator should be seasoned at the factory or outside. If 
you do not want to say it should be seasoned at the factory; 
say it should be seasoned outside of the factory; if you do not 
want to say it should be seasoned outside of the factory, make 
such provision as vou think 1s proper, but it is most important 
to do this, and to say what you want. 

W. J. Foster: I want to say another word on the matter of 
the short-circuited core loss. I should hate very much to see 
correction factors adopted, one-quarter per cent, one-half per 
cent, or апу per cent, that would punish good machines to the 
advantage of inferior machines. I should prefer to see the entire 
short-circuited core loss taken in order that we might proceed 
at once to reduce these losses. It can be done in nearly every 
case bv better design, and that is what we all want. 

The use of 3 the short-circuit loss probably does not approxi- 
mate the correct quantity that should be added. I think we 
should take the whole loss, and possibly a little more, rather than 
a little less. Mr. Behrend will excuse me for pointing out that, 
unfortunately, the other scheme to which he referred would 
result in boosting the efficiency of two-thirds of the commercial 
machines at the present time, for the reason that the excitation 
that is required to put the short-circuit current through, gives an 
open circuit, a higher core loss than the entire short-circuited 
loss on most machines and, therefore, when you subtract it, you 
get a negative value, and if you add that negative value to the 
other losses, you will have your efficiency raised rather than 
reduced. 

B. A. Behrend: I meant to correct the exciting current for 
the armature reaction. I did not want to go into that detail. 

W. J. Foster: Just the reactive drop? 

B. A. Behrend: Simply take the reactive drop. I took it 
for granted that should be taken into consideration. 

W. J. Foster: In line with Mr. Lamme's suggestion of 
correcting the core loss, or the combined loss and PR, I have 
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never succeeded in getting anything that was reasonable or that 
fitted the case; I trust that some positive evidence wil be 
brought forward that the entire short-circuited core loss is the 
wrong thing to take. We will probably have to wait until some 
one has a pair of identical machines to test by the “ circulating 
energy " method, which we appear to agree on, and on those 
same machines have the short-circuited test applied, and find 
the case where the correction as determined by the short- 
circuited loss is going to appear absurd when compared with the 
actual stray load loss, and then we will have some direct evidence. 

As stated before, I regret that the particular machines that 
` were available for use in connection with paper No. 23 all proved 
to have small short-circuited losses, as polyphase machines, 
but does it not seem significant that one of these has very large 
short-circuit losses as a single-phase machine, and that these 
losses agree very closely with the load losses as determined? 
There have been a number of cases in the past with which I 
have had to do, of single-phase machines, where changes were 
made after the first tests, in order to reduce temperatures, in 
connection with which the short-circuit losses were reduced. 

Therefore, I consider that the evidence presented by the curves 
Figs. 9, 10 and 11, of the paper by Foster and Knowlton, should 
be taken up and carefully considered by the Standards Com- 
mittee, and something in the way of positive evidence to con- 
demn them should be obtained before they arc rejected entirely. 

james Burke: The papers under discussion and the corrective 
factors introduced should not, perhaps, apply only to the 
machines, but also to the instruments and to the men, and I 
think that these tests show that instrument designing 1s in the 
same high class as dynamo and motor designing, they show such 
close agreement with what might be expected from dynamo and 
motor tests. 

It scems to me that the function of the Standards Committee is 
to standardize and not to average. The suggestions throughout 
these papers for corrective factors is to average these factors, 
and that eliminates the individuality of the designing. Now, it is 
quite possible, and I think most designers will agree on this 
point, to have negative corrective factors. For example, if we 
take a direct-current generator and so shape the pole pieces with 
varying air-gap so that the distribution of flux is approximately a 
sine wave under load, which would bc quite different free, then our 
load core losses are less than our free core losses. That is not only 
a theory, but I have proved that bv tests. I know that some 
European machines have been built that way, in which the 
air-gap is so proportioned that the influence of the armature 
reaction is such as to produce very nearly a sine wave under 
load. Now, if a designer introduces such a feature as that, that 
15 a negative eorrective factor, he gets no credit for it, and his 
individuality is removed as soon as the Standards Committce 
averages these factors. The question of compensated machines, 
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the difference between the 60 per cent compensated machine, 
which Mr. Erben has referred to, and the 100 per cent com- 
pensated machine, would have to be taken into consideration 
by the Standards Committee, or the punishment due to the 
avcrage law would applv. In the compensated machine we may 
have large corrective factors, depending on the distribution of 
the compensating conductors. If you have two or three compen- 
sating conductors per pole, vou probably will have quite a dif- 
ferent increase in loss under load than if you have a larger 
number. 

To do any good, to get any reasonable consideration for cor- 
rective factors, the Standards Committee would have to tabulate ` 
on the alternating-current end of motor-generators a great many 
construction details, whether the slots are closed, or open, or 
partly .closed, the depth of conductors, many factors of that 
kind, to determine the corrective factors or the alternating- 
current end, and similar treatment on thc direct-current cnd. 
Then you would have to introduce factors covering the wav that 
the brush losses were determined—1 think we have heard this 
afternoon that there are a good manv different theories on brush 
losses and different opinions as to the amount of brush losses. 
Now when it is all finished, all that we have accomplished is the 
recognition that there тау be, and it is to be expected that there 
will be, some corrective factors on account of loads, but I do 
not think we have any idea as to how much they should be. 
Personally I have conducted a number of tests in which I have 
found so little corrective factor that I could not say I had found 
апу, and in every case there has been a large difference. I am 
making a plea to avoid the averaging of these corrective factors 
and leave some room for individual effort in teling the story 
of the individuality of different tvpes of machines. 

Charles P. Steinmetz: I can sce a nice time ahead for Mr. 
Lamme and myself as members of the Sub-Committee on Revis- 
lon when we attempt to designate the exact methods of deter- 
mining the stray load losses so as to give the operating engineer 
the exact and true efficiency which he wishes to have, and which 
the input-output method, as I understand, is incapable of sup- 
plying, and which you cannot get by considering the short cir- 
cuited core loss, or open circuited core loss, or any other thing, 
except by using correction factors, and as many different cor- 
rection factors as you build machines. Our only hopc is that we 
shall be assisted by the engineers who are now interested in the 
stray losses, by constructive criticism, that 1s, when we have 
drafted a tentative rule we shall submit it to them, and in case 
of their disagreeing with us in our first attempt, we hope they 
will send us back material for the formulation of a better rule. 

In regard to the short circuit core loss, as shown in the diagram 
which Mr. Behrend discussed, I wish to say that š of the short 
circuit core loss was not a mere incident, and while at present 
the data seem to show that the total short-circuit loss is more 
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correct, we must realize that when the rule was made we had 
different machines to deal with. The single-phase slow specd 
alternator was a very common machine then, also other types 
of machines which we rarely see now, such as the inductor alter- 
nator, where the field exciting winding was far away from the 
armature, separated by solid magnetic material. Іп these 
machines the pulsation of single-phase armature reaction reached 
back throughout he entire field when you ran at the low den- 
sities corresponding to the short circuited core loss; while 
at the rated voltage, especially in a highly saturated machine 
such as the inductor alternator, the pulsation due to the single- 
phase armature reaction is very much less, and we knew, if we 
used the full short circuit core loss, there could not be a loss of 
any such magnitude because the machine would have burnt 
out in less than no time, and therefore, especially since people 
were rather horrified when we made the first test of that char- 
acter, and found these apparently enormous losses, we had to 
play safe and use a value which we knew was less than the 
probable true value. However we were proceeding in the right 
direction to the extent that instead of neglecting the short- 
circuit loss altogether, we at least took in a part of it. 

Now, the short circuit loss undoubtedly gives some indication. 
The residual loss after deducting the armature J?R loss and the 
iron loss corresponding to the approximate magnetic density 
under short circuit tests, affords an excellent criterion as to the 
extent of the stray losses at full load. Even if in some cases it 
leads to ascribing to the machine an efficiency lower than is 
actually obtained nevertheless the gencral adoption of the plan 
of taking this residual short circuit loss as a measure of the stray 
loss at full load, would provide designers with a criterion which 
would lead to designs of improved quality. | 

E. М. Olin: Although Mr. Robinson, in drawing his con- 
clusions, in his paper, states that the input-output method oí 
measuring efficiency is “опе that can be considered only in 
connection with special investigations ” and “аза check method 
for demonstrating the reliability of other methods better suited 
to commercial needs," it 15 a fact I think that a reading of this 
paper would lead the average engineer, inexperienced in this 
class of work, to believe that this method 1s perfectly simple 
and thoroughlv reliable for measuring the efficiency of rotating 
electric machines. Such a conclusion is so at variance with the 
experiences of the writer and a number of engineers with whom 
he has bcen associated, extending over a number of years, that 
it seems advisable to point out a few contributing factors not 
taken into account by Mr. Robinson. 

In propounding the mathematical theory which deals with 
“indeterminate errors ” and the average deviation of the mean 
reading from the true value, for the purpose of illustration, 
use 15 often made of an example like the following: A skilled 
marksman fires a thousand shots at a target under conditions 
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as ncarlv alike as possible. Experience shows that the shots 
will be distributed in a manner which at first sight seems entirely 
irregular but which, on more careful examination, will be found 
to be approximately in conformity with a perfectly definite law, 
the law of chance. Тһе plus and minus deviations of the shots 
from lines drawn at right angles through the center of the target 
arc about equally frequent, and small deviations occur with 
much greater frequency than largc ones. 

It can be shown mathematically that there 15 a certain definite 
curve, representing the law of chance, whose equation can be 
expressed in symbols, and that the average deviation of the mean 
is as shown by Mr. Robinson. 

Now, in this example of the marksman firing at a target 
which I havc just cited, it should be borne in mind that the 
target is fixed, not swinging. 

In input-output tests the mark at which we are firing is the 
true value of efficiency. However, the true value of efficiency 
is the ratio of the output as determined from measuring instru- 
ments in the output side to the input as determined from certain 
other measuring instruments in the input side. In other words, 
during our observations wc have two targets and two marskmen 
or sets of marksmen. 

Now if the output is constant for all readings, the target 
remains fixcd, and it would be correct to figure the input and 
output separately according to Mr. Robinson's method but not 
the efficiency direct from cach observation or set of observations. 

In the tests described, however, the output 1s not constant. 
In Table II, the output ranges from 470 kw. to 512 kw., a varia- 
tion of some 40 kw. The target at which the marksmen are 
firing then, instead of being fixed, is swinging. 

Now the instruments used in the incoming circuits of motor 
generators, such as are covered by Mr. Robinson in this data, do 
not swing synchronously with those in the out-going circuits 
due to the different types of damping used in the various in- 
struments, the introduction of series transformers, сіс. This 
introduces another complication in figuring tests such as de- 
scribed in this paper. "The target which should be fixed is not 
only swinging, but swinging along an irregular curve with a 
varving time constant. Obviously, the problem is not quite 
so simple as one might be led to believe from glancing over 
this paper. It is undoubtedly true, as stated by Mr. Robinson, 
that certain of the no-load losses mav change during the progress 
of the input-output tests. These should be measured carefully 
by the separate loss method and due allowance made when com- 
puting efficiency for such changes and average values should 
be used for such factors as frictional losses in brushes and bearings 
and brush contact losses. 

L. T. Robinson: I am willing to admit the extreme difficulty 
of satisfactory input-output testing but not its impossibility. 
Mr. Newbury said that the test results obtained were not right 
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because they departed from well-known laws. We have been 
all day yesterday and today discussing these well-known laws 
and there appears to be no definite understanding of them on 
which definite criticism of the results obtained could be based. 

With regard to the shooting at the swinging target, 1 cannot 
see that this has any bearing, as long as the individual observa- 
tions of the output are not far enough apart, SO that the efficiency 
line that joins them does not depart substantially from a straight 


line. I do not recommend these methods for practical tests. 1 


indicate that the results are correct within the limits stated. 
If you cannot look at it that with the input-output test we prove 
that the circulating loss tests are right, perhaps you will look 
at it the other way, and say that the circulating loss tests prove 
the input-output tests are right, because we got the same an- 
swer by both methods. After a full appreciation of the varia- 
bility of the brush friction, etc» came to my notice, We made 
some more tests, and every point comes within the degree of 
the precision claimed, and beyond which I did not care to go. 

As to the No. 3 test in the paper I think I made it quite 
clear that that was not very good, and I think the reasons 
given Were quite sufficient. In а machine in which the brush 
friction 1S about one to 1.5 per cent of the total output, and with 
the statements this afternoon, by presumably competent ob- 
servers, that brush friction varies 300 per cent, why is it any 
fault of the method or the test if the points do not fall all within 
the belt? 1 submit that the evidence is sufficient to establish 
all the claims made. 

C. J. Fechheimer: In the paper by Messrs. Foster and 
Knowlton on the last page they state " The phase characteristic 
method is faulty, due to the difficulty of obtaining accurate 
wattmeter readings at the low power factors. | 
three phase circuit and use single phase wattmeters and the power 
factor is less than 20 per cent both wattmeters will indicate 
high values, although one wattmeter will read negative. The 
true power is the difference between the two wattmeter 
readings. Both wattmetcrs read with considerable acccuracy 
and the only inherent errors which are introduced are those due 
to observation and the difficulty in obtaining with accuracy the 
difference between two nearly equal quantities. However, the 
error that we usually think of in connection with single phase 
wattmeters when connected to low power factor circuits does 
not apply to the three phase case with the standard two single 
phase wattmeter method, because 4 single phase wattmeter 
reads inaccurately when the current and electromotive force 
are nearly in quadrature and this condition obtains when the 


power factor of the three phase circuit is not far from 50 pet 


cent. 
It is our opinion that the phase characteristic method is the 


most accurate one for measuring the losses within the machine, 
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with possibly the exception of the circulating energy method. 
This latter, however, can be used so seldom that we must resort 
tosome other means, and usually the phase characteristic meth- 
od can more frequently be employed with equipments in most 
test departments in manufacturing companies. 

In regard to the modified segregated loss method, we believe 
that all of the short circuit losses should be included instead of 
one-third of the short circuit losses and that the core loss should 
be taken at the internal voltage as given by the terminal voltage 
plus the impedance drop taken in the proper phase relations. 
The reactance of the armature winding may be measured with 
the rotor removed, the current being circulated at normal fre- 
quency in only one of the phases. The reactance thus de- 
termined may then be used for computing the internal voltage. 

B. A. Behrend: In the papers that are before us the difficulty 
of mcasuring the power in watts or kilowatts has never been dis- 
cussed. "Thisisrathersurprising. Mr. Robinson will appreciate 
the immense difficulty of obtaining correct wattmeter readings. 
I remember in the early days it used to be one of the most diffi- 
cult problems, and the new instruments have by no means 
solved it. Even the best instruments for the purpose are in- 
fluenced by the proximity of large currents circulating in cables 
and by magnetic fields which exist almost everywhere in the 
shops. Let us take a simple case, and endeavor to determine the 
power factor of an induction motor at different loads. I have 
had experience in that direction, and I have had working with 
me some of the learned professors of our great universities, and 
have found it necessary to correct power factors of 101 and 102 
per cent., to harmonize them with reasonable facts. It is so 
important a matter that I believe it should not be omitted 
in our consideration of this complex subject. 

I want to say that 1n a number of cascs of high tension cir- 
cuits, I have found that thc power factor of an induction motor 
was extremely low due to the peculiar condenser effects in the 
shunt windings of the wattmeters. It is an effect which it is 
very hard to eliminate and very hard to correct. At low 
power factors this effect is tremendous. Of course, it can 
be corrected in the well-known academic way, if we care to 
pile assumption on assumption. This is a matter of im- 
portance. Mr. Robinson might give us his views of the ac- 
curacy of wattmcters and their use in alternating-current circuits 
in power houses and on the testing floor. I have personally no 
faith in them, and I am just as wiling to take the no-load 
current of the induction motor and use the simple circle 
diagram developed by me in 1896. When stimulated Ьу the 
difficulty of harmonizing the results of wattmeter measurements 
with the likely facts,in order to get an idea of the power factor. 

L. T. Robinson: You may be interested in my views on what 
accuracy we can obtain with wattmcters in commercial testing. 
First we will take the wattmeter as it is, and then we will see 
how much influence the testing floor has on it. We can build 
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wattmeters, and they are constructed and obtainable com- 
merciallv, that will measure with power factors down to 10 per 
cent, within about 2 per cent of the correct value. That 2 
per cent is largely correctable. This refers, of course, to single- 
phase operation. But you can, I think, get the best results 
when you want a really close measurement on three-phase 
circuits at low power factor, by using three instruments, so that 
you do not have the trouble that you have in subtracting one 
reading from another, which, of course, when they are pretty 
near alike, is bound to introduce large errors. You can choose 
instruments that will go over the scale, perhaps with one-third 
of the product of the rated volts and amperes of the circuits, 
and use three, and get verv good results. When you introduce 
larger quantitics for volts and amperes you must, of necessity, 
employ instrument transformers. Now, the phase angle be- 
tween the secondary current and the primary current in the 
current transformers is determined within, perhaps, three to 
five minutes of the equivalent angle, which again brings you 
substantially within the limits spoken of for the wattmeter 
alone. The total magnitude of that phase difference can be 
kept small enough so that correction is reliable. 

With regard to the potential transformer, it is possible, prac- 
tically in ordinary work to eliminate them altogether, because 
the usual transformer is so constructed that with non-inductive 
load at certain loads the phase displacement between primary 
and secondary voltages is zero, and you have only to find out 
what that load is and put it on in addition to the wattmcter po- 
tential coil to bring the angle to zero, and use it that way. 
How far that can be applied to the testing floor, I do not know. 
You have things to deal with there that are difficult to handle. 
The difficulty is not great if you can retain the people perma- 
nently who have been shown how to do the work. I will admit 
the trouble in doing such work commercially, but when the 
real necessity for it arises, I do not think the instruments or 
the method will be found wanting. 

B. A. Behrend: The disturbing effect in the neighborhood 
of the wattmcter 1s because the wattmeter 1s so apt to be in- 
fluenced. 

L. T. Robinson: I feel sure that the instruments to which 
I refer are entirely free from those disturbing effects. 

Carl J. Fechheimer: І always understood that the wattmeter 
was incorrect, and the current in the measured coil is almost 
in quadrature with the current in the corresponding coil. 

That only occurs at 50 per cent power factor, or approximately 
50 per cent power factor. 

L. T. Robinson: It does not occur at 50 per cent power 
factor when you use three instruments. The power factor 
on each instrument is the power factor of the whole circuit. 

Carl J. Fechheimer: Will vou have correct results on your 
two instruments when one wattmeter reads a negative value 
and the other reads a positive value? 
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L. T. Robinson: Incorrect. In comparison with the results 
obtained with three instruments. 

Carl J. Fechheimer: Why? 

L. T. Robinson: Youaresubstracting one thing from another 
thing,to which it 1s very nearly equal, and a very small inaccuracy 
in the wattmeter becomes a large part of the difference which 
is shown. 

Carl J. Fechheimer: Each wattmeter will read fairly cor- 
rectly? 

L. T. Robinson: Yes. 

C. A. Adams: I will answer one part of Mr. Fechheimer's 
question. Іп the casc of the two wattmeters three-phase power 
measurement with nearly 50 per cent power factor, where one 
wattmeter reads zero, or very nearly zero, the per cent error of 
the low reading wattmeter may be very large but the actual nu- 
merical error of the total measurement 15 exceedingly small, and | 
quite as small as when both wattmetters read high. 

James Burke: If I may be permitted to make a suggestion 
to the Standards Committee, it is that in preparing new rules, 
they should not overlook the introduction of the necessary 
rules for the correction of instruments when efficiency tests 
are made by input-output methods. We have heard quite 
a little on that this evening, and I think it is very important, 
since input-output methods do come up occasionally, that the 
Standards Committee tell us how to introduce corrections on 
wattmeters and on various other instruments that come into 
use, and also to correct for the nature of the voltage supplied, 
whether pure sine wave or a wave that has some other compli- 
cationsinit. I think that is going to be quite important, be- 
cause otherwise input-output methods will be relied upon, 
without their proper correction factors, and it may be that the 
correction factors for input-output methods would be as large 
as on the summation of loss methods, and that it is equally 1m- 
portant not to overlook them. 

B. A. Behrend: Mr. Burke’s remarks should be endorsed 
emphatically and heartily by all of us. We must know how to 
correct instruments. I have never been able to get accurate 
readings in a testing department because of the effect of large 
magnetic fields around the instrument. You cannot shut down 
a large manufacturing plant, employing twenty thousand men, 
for the sake of making one test. Night testing and Sunday 
testing are equally unsatisfactory for other reasons. I want 
to know if wattmeters can be obtained commercially which are 
not readily influenced by outside currents and powerful magnetic 
fields. 

L. T. Robinson: Yes. 

J. L. Harper: We havc heard a great dcal of discussion as 
to corrective factors, and my remarks this afternoon, have been 
referred to by Mr. Newbury as not being pertinent to the 
discussion, but as I understand it, the necessity for determining 
all these losses is for the purpose of arriving at efficiency. I do 
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not wish to have it considered that any remarks of mine had 
reference to any special method of test, or to any test, I merely 
desired to protect true efficiency from the corruption of a com- 
mercial understanding of efficiency; and instead of applying 
so many corrective factors to the losses, why not apply one cor- 
rective factor to the efficiency? 

Mr. Schuler spoke of using the word “ conventional " efficiency 
over there, why not use “ conventional "or" commercial i 
efficiency for what manufacturers are able to determine as effi- 
ciency. You all seem to agree that you can determine certain 
of these losses with fair accuracy. hy not decide upon these 
losses and set them apart and let them be determined, and call 
that a certain kind of efficiency, designate it by some kind of 

ualifying term that will differentiate it from the true efficiency, 
and eliminate the necessity for the use of these thousands O 
corrective factors. That also may assist Dr. Steinmetz in solving 
that very difficult problem of satisfying the operating engineer 
in getting the true efficiency, which you all seem to claim isa 
physical impossibility. That may be 50 at the present time, but 
as time goes on the distance that separates the losses that 
you are able to determine by the segregated loss method from 
all losses, 1 think will decrease, and there will come а time when 
further characteristic losses will be added to the determinable 
ones, and the difference between true efficiency and ''com- 
mercial OF u conventional " efficiency may be decreased. 
The present rules I believe to be inconsistent, in that they give 
a fairly clear definition of efficiency, and then say that efficiency 
may be determined by the measurement of the losses separately. 
You have made it very clear to me that it is a physical impos- 
sibility to determine these losses separately. Therefore, this 
efficiency which the rule purports to approve, is not a true 
efficiency, but some qualifying efficiency which you may cal 
и conventional "or" commercial." 

I merely wish to make the suggestion that by incorporating 
this one corrective factor, (which may be + X) in the efficiency 
you make unnecessary all of these thousands of other corrective 
factors, and thus simplify both the matters before you in 15- 
cussing the losses, and also the work of the Standards Committee 
in endeavoring to satisfy all parties. 

E.I.Chute: It is very truc, as Mr. Behrend and Mr. Robbins 
brought out, if we try to make constants to account for the 
additional load losses for all types and sizes of apparatus We will 
have constants as numerous as the sands of the sea. But 
the case is not as bad as that. There are not very many opera- 
ting or consulting engineers complaining about the smaller types 
of apparatus, it is the larger types, where one per cent in effi- 
ciency counts in dollars and cents. In these the constants can 
be simmered down to comparatively few in number as wil 
be noted in the summary to the paper by Messrs. Olin and 
Henderson. It must not be thought that these constants are 
‘absolute, nor do they need to be. No method of test now in use 
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even with the help of the laws of chance and Mr. Robinson's 
shaded belt will assure us of the true efficiency of a machine 
within two or three tenths of one percent. "The additional load 
loss, being small in proportion to the total losses of any machine 
may vary materially, often even 25 to 50 per cent without af- 
fecting the actual efficiency more than a quarter of one per cent 
so even though the additional load losses may vary slightly in 
the various tvpes of the larger machines, alarge number of them 
may be bunched together under one classification. An average 
constant for such a classification, applied as suggested, wil 
then give operating cfficiencies as accurate as the average 
engineer demands. 

The average input-output test is not acceptable to either 
the manufacturer or operator and some other solution of the 
problem of determining true efficiencies within reasonable limits 
must be worked out. The sooner we make a start at it the 
better. : 

Mr. Robinson's paper serves to bring out very nicely the 
limitations of the input-output test even when taken under the 
best conditions and the calculations made with all the refinc- 
ments of mathematics. On curve 1 in the discussion by Mr. 
Collins, two values of efficiency are given at normal load, the 
difference apparently being due to the exchanging of one in- 
.strument for another of similar capacity and accuracy. It 
will be noted that there is a difference between these values of 
four tenths of one per cent, a greater difference than accounted 
for in either test by any possible change in constant losses. Why 
might not this discrepancy have been in just the opposite 
direction to that shown? 

The values of additional load loss obtained in all the tables 
but IX, X and XI speak for themselves. If these values 
are correct, why all this agitation? The separate loss method 
of efficiency determination is good enough. If such results 
with the input-output method of test are obtained by Messrs. 
Robinson and Collins with their reputation for refinement and 
accuracy, what can the rest of us hope for? 

L. T. Robinson: There should be no misunderstanding on 
that point. The only claim I make is that these points will 
fall within that belt. And they do. The instruments were 
interchanged, at one point, and there is no conclusion to be 
drawn from the result except that the results are within one- 
quarter of one per cent because the belt is only that wide and 
the points fell within the belt. 

E. I. Chute: Other unaccounted for inconsistencies in these 
tests might be pointed out and it is my personal opinion that an 
accuracy of two tenths per cent claimed for them is not war- 
ranted. It only goes to show that even when the most elaborate 
and refined of methods are applied to the input-output tests 
the results are very uncertain. 

H. M. Hobart: No mention has yet been made of the best 
method of determining the true efficiency, the method which 
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the Standards Committee would probably be well advised to 
adopt, and that is a method based on calorimetry. For in- 
stance, one can measure the losses at no-load with exactness, 
while a given quantity of air is being passed through the 
machine. The temperature of the air at the inlet and at the 
outlet can be taken. Again the machine can be run at full 
load and the same quantity of air measured at the inlet and 
outlet. This gives a simple way of deducing quite exactly the 
ratio of the losses at full load to the losses at no-load, and con- 
sequently of arriving at the magnitude of these stray losses 
and consequently also of deducing the true efficiency. I believe 
that by these means we mav arrive much more closely at the 
true efficiency than by any other practical method. 

I allude first to large machines, because generally the con- 
ditions surrounding the contract for large machines are the more 
important, but in my opinion for smaller machines calorimetry 
also offers the best method. In the case of a small machine, 
you can house it completely. You can house the motor in 
a case, through which you pump air, measuring the quantity 
of air, its inlet temperature and its outlet temperature. The 
measurement is made first with load. Then the measurement 
can be repeated at no load with the addition of suitably disposed 
rheostats, into which you can introduce an additional loss, which 
will give you the same inlet and outlet temperature when your 
machine is running unloaded as was obtained in the first test 
when running it at its rated load. The amount of the losses 
in these rheostats will be equal to the load losses, including 
therein the legitimate and the illegitimate load losses. 

Another way is to have your machine in one rcceptacle and 
then let the air pass on to still another receptacle in which vou 
have your rheostat, and get the temperature drop across each. 
It 15 athermal-drop process. When the thermal drop across each 
receptacle is equal, then you know that the loss in the machine is 
equal to the loss in the rheostat. If the drop is not equal, you 
can get the loss by taking the ratio of the thermal drops. There 
is no need to measure the quantity of air but merely to maintain 
the flow constant. ` 

W. F. Dawson: The mcthod proposed by Mr. Hobart is 
interesting and replete with possibilities, but it requires much 
study and care so that new sources of error are not introduced 
greater than those contended with previously. The difficulties 
of successfully mcasuring the actual amount of air delivered, and 
charting it so as to get a true average, are very great. I have 
been recently checking up losses with thc thermal capacity of 
the air passing. There is probably additional loss, by heat con- 
vection, that will not be measured by thermal capacitv of the 
air passing through. In respect to turbo-alternators, and par- 
ticularly those which are provided with definite air passages 
for inlet and outlet, it will be exceedingly instructive to make 
these tests and keep them for comparison and reference. І doubt 
very much if the consulting engineers and the customer will 
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very rapidly embrace the facilities which Mr. Hobart has offered 
in respect to determining these load losses. Mr. Erben has 
shown splendidly how these load losses are affected by design. 
It would be a great mistake and an injustice for the committee 
to lay down any set of rules and say that “ this class of machine 
shall be considered to have 1 of 1 per cent additional loss ”- 
and ‘‘ this class of machine shall be considered to have š of 1 
per cent additional loss," etc., because it will handicap indi- 
vidual initiative. It will put the designer and the manufacturer 
of inferior machinery, to a certain extent, on thc same basis 
as the designers and manufacturers of machines who have prac- 
tically eliminated these load losses. I hope the discussions 
and investigations will go on. There cannot be any question but 
that this discussion will make for better designs of machines, 
smaller load losses, or a considerable elimination of them. Mr. 
Lamme pointed out, and Mr. Erben and Mr. Burke, and others, 
have also pointed out, that while we may indicate what these 
losses are, 1t is going to be an exceedingly difficult thing to stand- 
ardize them. 

H. M. Hobart: І do not propose to measure the quantity of 
air. That is difficult. We do not measure the quantity of 
current when we get the drop through two resistances. We 
keep the current constant. The air flow is kept constant by 
running the fan or blower at constant speed. There 1s nothing 
new in calorimetric methods. 

В. G. Lamme: I have listened with a grcat deal of interest 
to what Mr. Harper has had to say on the question of load losses. 
He says that if we cannot measure all the losses, and will state 
what we can measure, and if we are willing to state the situation 
plainly, he is willing to accept it. If everybody else would 
agree with him in this, it would make it very easy for the Re- 
vision Committee. Mr. Harper called attention to putting 
a factor x in the equation. However, it has been suggested by 
others that such a correction factor puts a penalty on good design. 
That is truc, but you must not forget that virtue is its own re- 
ward. The designer who builds with verv small extra losses 
has a correspondingly better machine, because any reduction 
in such losses reduces the temperature, and therefore allows 
him to correspondingly increase the output. The designer 
who builds with high extra losses will eventually lose out, so 
that the normal tendency is toward the reduction of such 
extra losses. 

Mr. Harper also stated that eventually we would come cfoser 
to the true efficiency. I agree with him, but possibly it will 
not be so much by improved means of measuring as by reduction 
in the extra losses. I know that, right now, the tendency to- 
ward reduction of the extra losses is very strong, and that all 
losses in the machines are being analyzed and studied very care- 
fully with a view to getting better performance and larger out- 
puts by eliminating all unnecessary or useless conditions. 
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piscussIoN ON “OPERATION OF TRANSMISSION LINES” (HAGOOD), 
San FRANCISCO, CAL., FEBRUARY 28, 1913. (SEE PROCEED" 
INGS FOR DECEMBER, 1913.) 
(Subject to final revision for the T ransactions.) 

Herbert W. Crozier: We are certainly much indebted to 
Mr. Hagood for the interesting paper We have had tonight, 
particularly the slides, which show great care in preparation. 

I wish to ask him a question. With regard to the use of 
synchronous condensers, what do you &nd is the most 
satisfactory method? Suppose you have à large amount of 

ower to deliver to consumers which would involve the use О 
synchronous motors driving direct-current generators, — WO 
you prefer to make those synchronous motors just large enough 
to carry the load and have an additional machine synchronous 
to the condenser, or would you prefer to make the synchronous 
condensers large enough to take care of this regulation? hat 
is the first question, and then the other is, what would you do 
i£ you had synchronous converters? That would be a different 

hase of the same subject. 

Lee Hagood: With the synchronous machine, whether it 
is a generator or à motor, it can effect power factor correction 
and at the same time do work. ` | did not dwell very much on 
that point, because so many think that is the only way. econom- 
ically, to use synchronous machinery for power factor correction. 


10 per cent in kilowatts and about 70 per centin wattless kilovolt- 


changer sets, and synchronous motors. Itis not always practica 
to locate these machines at the points where power factor cor- 
rection 1S desired, hence the necessity for synchronous condensers. 

The characteristics of a synchronous converter are such that 
its design does not lend itself to operation other than at 1.00 
power factor at full load. It would not be safe, in general, to 
give operators instructions relative to using synchronous 
converters for power factor correction on light kilowatt loads, as 
a departure might lead to damage to the machine. 

Herbert W. Crozier: Then I gather from your statement 
that the synchronous converter is fixed by the direct-current 
voltage, so any small amount of voltage control available would 
be fixed by the direct-current voltage, which presumably you 
would desire to keep constant. 

Lee Hagood: That is one of the difficulties. 

Herbert W. Crozier: But in regard to motor-generators 
driven by synchronous motors, if we take, for instance, a unit 
which would have a 1000-kw. direct- urrent machine, then the 
idea would be to purchase the motors considerably larger? 

Lee Hagood: Yes. 

Herbert W. Crozier: So as to take 70 per cent. You make 
the motor part 30 per cent greater? 
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Lee Hagood: Yes. It is not a good thing, in all cases, to 
put a voltage regulator on the motor, unless it is relatively large 
for its purpose. Even then the voltage regulator must be re- 
stricted in its operation so that no danger is incurred of the 
machine falling out of step by attempting to take a heavy 
kilowatt load on a weak field. 

Robert Sibley: Inoticethat it has been announced that the 
Chicago, Milwaukee and St. Paul Railway will electrify some 500 
miles (805 km.) of its line through Montana, and the proposal is to 
purchase power from the Great Falls Power Company at half 
a cent per kilowatt, the company agrecing to wholesale the 
power from the main transmission line. However, the power 
company also reserves the right to put in regulating devices at 
the receiving end. I would like to ask Mr. Hagood how such 
devices would differ in railroad work from such installations 
as he has shown us this evening. 

Lee Hagood: As long as they are motor-generator sets 
it would be quite feasible to accomplish automatic voltage 
regulation provided the conditions were such that the machines 
would not have to run on weak fields, but if they are converters, 
I do not sce how it would be practical. 

Sometimes motor-generator sets are operated with fixed 
field excitation, or it is compounded so that as theload comes on 
the excitation 1s increased. 

Herbert W. Crozier: One example of this phase control, 
that has worked out very successfully on the coast, is the Sierra 
and San Francisco Power Company, delivering power to the 
United Railroads. On their transmission line, 135 miles (217 
km.) long, the same voltage is obtained at both ends of the line. 
The motor-generators are all 1500 kilowatts, I believe, and 
the regulation is obtained by controlling their fields. I believe 
they have now installed voltage regulators at a number of the 
stations and are getting very satisfactory voltage. This con- 
dition of course is one that does not always occur in regular 
commercial practise, because the power company has full con- 
trol of a very large amount of synchronous apparatus at the 
receiving end. The ordinary condition is where there are 
many consumers taking current and using it any way they 
please, and it 1s up to the power company to make such regula- 
tion as it is able to. In such cases the synchronous condensers 
discussed tonight are apparently a very excellent feature. One 
thing that impressed me greatly was the fact that by the intro- 
duction of a synchronous condenser results are obtained amount- 
ing to 25 to 30 per cent additional power delivered over the trans- 
mission lines, which certainly would appeal to our commercial 
friends as a considerable saving in capital expenditures neces- 
sary for transmission lines or for additional machinery. Here- 
tofore we have been forced to buy generators to take care of 
the wattless current—and then more generators; and the use 
of the synchronous condenser in the substation is certainly a 
very valuable feature. 
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One thing that impressed me more than any other was the 
curve shown, if I remember the figures correctly, where 25 
per cent more power could be delivered over the same trans- 
mission line with practically the same regulation. 

A Member: Under what conditions, if any, is the use of 
Synchronous condensers warranted bv the decreased power 
loss due to the necessity for transmitting less wattless current 
through the line, apart from the question of voltage regulation? 
Another question. Is it possible to build synchronous conden- 
sers simply for regulating purposes so that for a given kv-a. 
capacity they are cheaper than a synchronous motor of the same 
capacity would be? | 

Lee Hagood: In regard to the first question, in the case of 
the 22,000-volt line (see Figs. 3 and 7 of the paper), at unity 
power factor the line losses are 7.5 per cent for 2500 kw. 
That includes the transformer loss—I mean the copper loss in 
the transformers. Since the losses vary as the square of the 
power factor we would get 15 per cent at 0.70 power factor. 
Now the synchronous condenser, to bring the power factor to 
1.00, requires about 4 per cent on losses. That would give us 
a net under full-load conditions around 3.5 per cent. But 
not only that. We brought the power factor at the generators 
from 70 up to unity, and that meant that we reduced their 
core losses, armature and field copper losses. Ап approximate 
estimate of the saving is about 23 per cent, giving a total net 
of 6 per cent. In the case of the 110,000-volt lines (see Figs 
22 and 23), the losses without the synchronous condenser—the 
efficiency of the line for delivering 30,000 kw., is 85 per cent, 
whereas with the condenser on the line the efficiency is 90 per 
cent. In this case the synchronous condensers have a loss of 
1.8 per cent, giving a net saving of 3.7 per cent for the trans- 
mission line. 

In regard to the design of the synchronous condensers, they 
can be designed with small air gaps, and with light bearings 
and bearing supports, since no mechanical load is carried; in 
view of these fcatures they can be made cheaper than for the 
same rating as a generator or motor. Some day, perhaps, 
they may be built for much higher speeds and this will reduce 
their cost considerablv. 

Professor Corey: I have been exceedingly interested in 
this paper, especially because not more than a year or so ago, 
one of the points, only touched upon in the paper, was gone 
into rather completely; and more than twelve years ago another 
point, which has been touched upon in the paper, was gone 
into carefully. 

I will mention first the point that was considered only a short 
time ago. 

We have heard this evening a very complete discussion of 
what the synchronous condenser or the synchronous motor, 
either very lightly loaded or doing perhaps 70 per cent of its 
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full-load work, may accomplish in the improvement of trans- 
mission conditions. A little over a vear ago an investigation 
—a rather complete one—was made of the design of a 
127-mi. (204-km.) steel tower transmission line having two 
three-phase circuits, maximum loss not to exceed about 6 per 
cent, as the power was purchased by the power user at the 
generating station and the tower line built by the power user, 
payment for the power to be made at the generating station. 
The amount of power required was to vary between 6000 and 
10,000 kw., to be used primarily for induction motors, these 
induction motors to drive machinery for the crushing of about 
20,000 tons of ore a day. Due to the consideration that other 
transmission lines were possibly to be interconnected, the volt- 
age transmission was limited to about $80,000 volts. How- 
ever, there were no taps for power along the line, nor was there 
more than the one generating station to be considered at that 
time. 

The preliminary investigation indicated that 4/0 copper— 
the equivalent of that in stranded copper or aluminum, or 
aluminum of anv sort—3/0 or 2/0, might be used. As has 
been shown this evening so verv clearly, the problem in this 
case was not necessarily the very best possible regulation at 
the expense of other things; not necessarily the greatest effi- 
ciency in transmission at the expense of regulation; not neces- 
sarily the cheapest possible transmission svstem as regards 
cost of conductors at the expense either of efficiency or regulation 
or both. The power factor of the load was known to be some- 
where around 80 per cent, due to the very large number of small 
induction motors. The frequency was fixed at 60 cycles, inas- 
much as the generating station to be used, would be, in the 
future, one of a number. 

Not bv anv means in the complete manner that has been 
developed in this paper, but by practically the same general 
principles, the general conclusion was reached that the installa- 
tion of svnchronous condensers at the receiving end would not 
only reduce the copper from 4/0 to 3/0, but it would improve 
the voltage regulation and at the same time increase the effi- 
ciency of transmission. A very careful analysis, using the 
complex quantity formula for the investigation of the power 
factor along the line from the generating station to the receiving 
station 127 miles distant, indicated that with the proper opera- 
tion of these synchronous condensers doing anywhere from 50 
to 70 per cent of their kilovolt-ampere capacity, it would be 
possible to get the best operating conditions. 

Electrical energy in the form of direct current may, of course, 
be transmitted without introducing any of the undesirable 
effects due to the inductance or electrostatic capacity of the line. 
We start out with a given number of amperes at our generating 
station, using direct current, or theoretically with alternating 
current, with zero frequency, and we find absolutely the same 
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current at the receiving end, neglecting leakage; and the ideal 
of the transmission engineer with alternating-current power 
would be to produce a condition somewhat approximating 
that possible with direct current. We know that 15 not practi- 
cally possible, at varying loads, because in the matter of trans- 
mission the direct current theoretically has an advantage over 
the alternating current. However, I can now see, having had 
this evening an opportunity to look at these curves, that there 
were instances where such problems might have bcen very di- 
rectly solved by the proper use of these curves rather than by 
going through the rather complex computations that are other- 
wise necessarv. 

The other instance that I had in mind, occurring more than 
a decade ago, was a case where the installation of a compara- 
tively small svnchronous motor in a mine in California was made 
use of to improve the power factor of the load. One of the 
early transmission companies, fearing induction motors would 
lower the power factor, offered all consumers who would use 
their alternating current at approximately unitv power factor, 
the advantage of recciving 920 watts for a horse power, whether 
real or apparent. А well-known engineer in San Francisco 
said, “Уегу good. If we can get 920 apparent watts for what 
we ordinarily pav for 746, we will see to it that we get 920 real 
watts,"—which was accomplished by the installation of a syn- 
chronous motor. This svnchronous motor, except at such 
times when the power was off—and in those davs the trans- 
mission lines gave more trouble than they do today—was belted 
to a steam engine, and when the power was off the synchronous 
motor was operated as a generator and the mine was kept free 
from water. It was necessary to prevent the mine being flooded 
even if the transmitted power should be off onlv for a few 
hours. The result was that for a number of vears the svnchron- 
ous motor was ordinarilv operated without doing any work 
whatever, and the power factor of the load was maintained at 
100 per cent. The result was that the buver of the power did 
receive 920 real watts, for which he only paid the price of 746 
watts. I do not remember how many times that condenser 
or unloaded synchronous motor paid for itself every year, but 
I remember that it was used for a number of years. 

I am only mentioning this because in this case the particular 
advantages of the operation of synchronous motors though 
lightly loaded or practically unloaded, were availed of to im- 
prove the conditions of transmission—improving the condi- 
tions in regard to both efficiency and regulation of voltage; 
and while I have not perhaps had an opportunity of fully study- 
ing the paper that has been presented this evening, I can see 
that in the first case mentioned the solution of that problem 
might have been made graphically from the curves presented 
by Mr. Hagood instead of being worked out in that one isolated 
case. 
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I would like to add this other point. Due to the careful 
investigations of Dr. Steinmetz's formulas for distributed ca- 
pacity, also introducing the factor which it is possible to intro- 
duce in Dr. Steinmetz's formulas, namelv, the amount of energy 
loss due to leakage between conductors, and going one step 
further than Dr. Stcinmetz has gone, representing the results 
of some of his formulas graphically, it 1s possible to determine 
the power factor at any place you wish in your transmission 
line from your generating station to the point of delivery. If 
your line is 300 miles long it is only necessary to go through 
an elementary graphical construction as you would in deter- 
mining stresses and strains in a structure, to ascertain what 
the power factor is at any point, simply substituting in the 
formula, whether the point under discussion is one mile from 
the generating station or 299 miles. So there we see the op- 
portunities and the possibilities of further ascertaining the facts, 
and the desirability of introducing these synchronous condensers. 

There is another point brought out that appeals to me es- 
pecially. Not very many years ago it was generally understood 
that if we attempted to transmit power great distances where 
the charging current would be abnormal there was only one 
thing to do, namely, to reduce the frequency, if the voltage 
were maintained of sufficient magnitude to reduce the line 
losses. But one can see by viewing the curves that have been 
shown by Mr. Hagood that this 1s not necessarily true. Possibly 
we will be able to solve a great many of our problems at 60 
cycles that we thought a few years ago could only be solved, 
at one half that frequency or even one-third or one-sixth. 

Not only are these few isolated instances that I have men- 
tioned covered by the work that has been done by Mr. Hagood, 
but his work covers all other problems of a similar character. 

L. P. Jorgensen: In substations where no motor power 15 
required the synchronous condenser is undoubtedly the most 
practical device that can be used successfully for voltage con- 
trol; but in stations where the principal use for the power is to 
drive motors these motors should be so selected that part of 
them are synchronous and part induction. It 15 seldom possible, 
nor desirable, to have all motors on a transmission system of 
the synchronous type, as the starting requirements may be such | 
as to exclude synchronous motors, and it mav not be practical 
to provide direct current for excitation. Where large motors 
are to be dealt with the extra outlay and complication for exci- 
tation does not amount to so much, and it is therefore of ad- 
vantage to equip them with devices for voltage control to com- 
pensate for the lagging current of the smaller induction motors 
and other apparatus. The voltage in use at present on some 
of the largest transmission lines has reached the limit. This 
limit is set bv the amount of corona loss permissible, so it is 
not possible to improve per cent of voltage drop by increasing 
the voltage, as this cannot be done. The critical voltage de- 
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pends upon size of conductors and elevation above sea level, 
and the limit of voltage has already been reached in several 
cases. The limit at sea level is somewhat above 120,000 volts 
where the amount of power 1s large enough to require conductors 
larger than 4/0. A few months ago I had occasion to visit a 
place and do some work in connection with a power transmission 
where 50,000 volts was the upper limit of transmission voltage, 
principally because of the high altitude, the average of which 
was 14,000 ft. (4270 m.). The lowest point on the line is the 
power house, located at 12,200 ft. (3720 m.) above sea level, 
and the highest substation is located at nearly 16,000 ft. (4880 m.) 
elevation. The line runs for the greater part of the distance 
of 120 mi. (193 km.) over a comparatively flat plateau of 14,000 
ft. (4270 m.)clevation, This place is called the roof of the world, 
and is upin the Andes mountainsin Peru. The load on this system 
is mostly motors driving copper mining machinery to the ex- 
tent of about 10,000 h.p., requiring a conductor of No. 1 size 
cable. The motors are divided up between synchronous and 
induction in such a way that the power factor will be under 
complete control by means of automatic voltage regulators 
adjusting the excitation of the synchronous motors. 

Herbert W. Crozier: I want to ask a question of Mr. Jor- 
gensen. Did I understand you to sav that 50,000 volts was 
the limite 

L. P. Jorgensen: Yes, because only 10,000 h.p. was to be 
transmitted. You could not afford to take larger than No. 0 
cable, and at that diameter you cannot get above 50,000 volts. 

Т. P. Jollyman: Onc of the chief functions of the synchronous 
condenser in the ordinary transmission system is, as Mr. Hagood 
has pointed out, to help hold up the voltage. As the load on our 
system grows, frequently we run into conditions where excessive 
voltage drop limits the amount of the load which may be success- 
fully carried at some point. 

There is also another factor in the holding up of voltage which 
Mr. Hagood only touched on very briefly, but which to those of 
us who are connected with 60-cycle systems is a very important 
matter, and that is the charging current of the linc, and its effect 
in balancing or neutralizing the lagging current due to the or- 
dinary commercial load. The effect of this charging current 
is very considerable. We have at the present time in this vicinity ` 
a number of high-tension transmission voltages—60,000 and 
100,000. At 60,000 volts the charging current amounts to about 
18 kv-a. per mile. In other words, a company such as the one 
with which I am associated, operating some 1200 mi. (1930 
km.) of 60,000-volt line, has a charging current of over 21,000 
kv-a., and this 1s sufficient to raise 29,000 kw. of 0.80 power factor 
load to unity. That of itself has a very important effect in 
holding up the voltage of such a svstem. Now a 100,000-volt 
system has a very much higher charging current. As the voltage 
and the current go up your kilovolt-amperes go up. The charg- 
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ing current for a 100,000-volt line is about 52 kv-a. per mile. 
Jn other words, a 300-mi. (483-km.) line would have some 15,000 
or over 15,000 kv-a. wattless leading current component, which 
would assist in balancing the bad power factor of the ordinarv 
commercial load. This wattless component on 300 miles of 
100,000-volt line would balance 21,000 kw. at 0.80 power factor 
load, bringing it up to unity. I believe that the charging current 
which, as vou see, is no small amount on svstems which are 
operating, has a very important effect in helping to hold up the 
excitation. The excitation on a transmission system is somewhat 
analogous to the mechanical condition of the cantilever beam. 
If the excitation is supplied entirely at the. generating station 
it is somewhat analogous to a cantilever beam supported at 
one end and loaded at the other. Such a beam must necessarilv 
sag at the loaded end. The voltage cannot be anvthing but 
lower at the receiving end where you have purely load and are 
supplving no excitation in the wav of synchronous machinery. 
The variations in voltage with the variations in load are some- 
what analogous to the variations in the sag of such a beam 
with a varving load. To steadv that beam you may supply 
some support at the free end. In other words, you mav apply 
some synchronous machinery at the receiving end. It is obvious 
that you may steady the variations in the deflections of that beam 
with very much less support than would be required if you wanted 
to raise the beam up to the same level that it was held at the fixed 
end; and that is, as near as I can suggest, a mechanical analogy 
to the transmission problem in the operation of synchronous con- 
densers. It is obvious that a beam supported at both ends will 
have less sag if it is loaded uniformly than if it is supported at 
one end as is the case in the transmission system. If vou have 
synchronous apparatus at both ends the voltage drop will be less 
throughout the system. It think it would be well for any one 
having to do with the design of transmission systems to consider 
alwavs the effect of their charging current, and to bear in mind 
that it is a very considerable amount, very closely approxi- 
mating 18 kv-a. per mile for 60,000 volts at 60 cycles; and 52 
kv-a. per mile for 100,000 volts and 60 cycles. There have been 
some transmission systems projected recently where the charging 
current is going to prove a very serious problem to handle prop- 
erly. Mv own opinion in the matter 1s that you should not 
ordinarily attempt to operate a single transmission circuit with 
generators which are less in capacity than the charging current. 
In the svstem on which we are working at the present time the 
kv-a. capacity of a generator is approximately double the charging 
current on the line, and I anticipate that we will not be very 
much bothered by variations in load or bringing the empty line 
up to voltage. 

Herbert W. Crozier: Mr. Jollyman apparently has given 
this matter of the charging current a very considerable amount of 
thought. The point I want to draw attention to in connection 
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with the use of synchronous condensers for the regulation of the 
line is the matter of safety. We all know that the loss of load 
due to excitation and opening of circuit breakers and other things 
causes a very considerable rise of voltage at the substations; and 
the use of the synchronous condenser controlled by the automatic 
voltage regulator is certainly an element of safety, because there 
is something there which will make a change in the conditions 
in the end, assuming of course that the synchronous condenser is 
so installed as to remain connected to the transmission line. I 
remember two or three cases where very disastrous results oc- 
curred, due to the opening of the end of a transmission line,causing 
the wrecking of lightning arresters and general destruction of 
such apparatus as still remained connected. 

L. N. Peart: We have a 60,000-volt line approximately 
200 mi. (322 km.) long, and I can confirm some of Mr. Jollyman's 
remarks verv stronglv, because I have just made some experi- 
ments on the power factors of this line, and also some corrections 
obtained by using some turbines at one end of the line as syn- 
chronous condensers. We have about 200 miles of 60,000-volt 
line, fed at one end bv a hydroelectric station, and at the other 
end by a steam auxiliary. The hydroelectric end is 16,000 
kw. capacitv; the steam end is about 8000 kw.; and close to the 
steam end at the outer end of the line we have the oil fields, which 
furnish a very highly inductive load. The power factor at 
the oil fields loads is approximately 70 per cent, and when we 
first started the transmission line the power factor of the trans- 
mission line at the power house was 62 per cent leading. That 
was before we had much oil field business. As the oil field 
business came on—and I might sav that the power factor of the 
oil field load is not much better than between 60 and 70 per 
cent—it never gets over 70—the power factor at the transmission 
end at the power house graduallv approached unitv, and at 
present, it is verv close to that. Now operating the turbines 
in Bakersfield at 8000 kw., allowing them to float on the line 
with a little steam and adjusting the exciting current, we are able 
to keep the voltage regulation of the svstem verv nearlv constant, 
that is, we can hold the voltage in Bakersfield and at the power 
house end practically the same, with a rise of voltage in the middle 
of the line of about 8 or 10 percent. Recentlv, due to the failure 
of some of the hydroelectric machinery at the generating end, 
the water end, it was necessary to carry the entire load from the 
Bakersfield end. You will appreciate that without апу feeder 
voltage regulators on the svstem, the step-down transformer 
stations are connected through the proper taps to the line so that 
we get the proper voltage grading; in other words, near the power 
house the transformers are on a higher tap and gradually de- 
crease down the line to take care of transmission drop. Feeding 
from the steam end, matters were reversed, and it was a question 
whether we were going to get any voltage regulation; but opera- 
ting the hydroelectric generators as synchronous condensers, 
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and feeding from the Bakersfield end with the steam generating 
machinery, we were able to keep suitable voltages at all points. 
That, I think, furnishes a very good illustration of Mr. Hagood's 
point. 

J.P. Francis: There 15 one other point in the operation of 
a synchronous motor as a condenser that it is well to consider, 
and that is, that by limiting the range of the exciter voltage, 
so that when the voltage of the transmission line is too high 
the regulator is lowering the voltage of the motor, the excita- 
tion of the synchronous motor will not be reduced too greatly, 
causing the machine to fall out of step if the load increase 
suddenly. Also, the.upper limit of the exciter voltage should 
not be high enough to burn the regulator contacts when the 
synchronous machine is boosting. 

R. C. Powell: Mr. Jollyman mentioned that the charging 
current in the line should be taken into consideration. The 
point is, as I understand it, that the charging current will help 
out the generators but not the line. 

Professor Corey: It ought to help out both. 

R. C. Powell: That is, with a simple line. 

H.Y. Hall: I think Mr. Jollvman's point was more in respect 
to regulation. There is no question but that the charging 
current of the line will help out the regulation. | 

R. C. Powell: I don't believe I can agree with you, for the 
reason that the regulation will be the difference between the 
voltage and no-load voltage. At no-load the voltage at the 
receiving end will be higher than at the transmitting end, due 
to the charging current. Now if the load comes on the charg- 
ing current is constant, and the voltage rise due to the charg- 
ing current is constant, so where vou would start with 100,000 
volts with no-load and get 120,000 at the receiving end, at 
ful load vou would have 20,000 drop, and vou would have 
100,000 at each end; but vour regulation is the same. 

J. P. Jollyman: I would say that the principal effect on the 
distributing svstem 1s naturally the improvement of the power 
factor of the load that the generators carry. The charging 
current is roughly one-half as effective in helping out the line 
as would be a svnchronous condenser at the recciving end. 
The charging current is distributed, but it is not far, in general, 
from the effect of either the equivalent leading current load 
at the center of the line, or onc-half of the load at the extreme 
end of the line. You will frequently find that a transmission 
svstem which starts out purely as a transmission affair, and 
transmits a verv large percentage of its power over practically 
its entire length, grows into a system in which more or less 
load is taken off along the line; and in that case the charging 
current to a certain extent neutralizes the lagging current of 
the load, the load being somewhat distributed, and the charg- 
ing current being entirely distributed. The principal effect 
of the charging current, as I stated, is an improvement in the 
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generator power factor, which is a very important matter; 
and it is perhaps in its effect on the efficiency of transmission 
roughly half as effective as a concentrated synchronous con- 
denser of the same capacity at the load point. 

A Member: I would like to ask Mr. Jollyman if the value 
he gave of 18 kv-a. for a 60,000-volt line and 52 kv-a. for 100,000 
volts, has a certain regard for the spacing, and cannot that be 
varied by altering the spacing? 

J.P. Jollyman: I think if you will consider the practical 
cases of transmission at 60,000 volts you will find that the spac- 
ing is usually, in modern construction, about five or six ft. 
(1.5 to 1.8 m.), and for 100,000 volts the spacing is nine or ten ft. 
(2.7 to 3 m.), and 15 frequently in a vertical plane, which means 
that the average spacing of the phases is about one and one- 
third times the distance between the two wires. I have found 
by plotting the values of the charging current in relation to the 
ratio of the diameter of the wire to the spacing, that the change 
in the value of the charging current over the range of actual 
construction such as is generally employed by operating com- 
panies, is very small. If I remember correctly, the charging 
current per mile (1.6093 km.) for 10,000 volts over the range 
of construction ordinarily emploved varies from about 0.028 
of an ampere to about 0.031. "The values that I gave were 
based on 0.03 of an ampere for 10,000 volts per mile. The 
charging current does not change very rapidly over the range 
of spacings, with the size of wire ordinarily employed. If you 
have a rather small spacing and very large conductors it would 
be a little different from what it would be if you had large 
spacings and very small conductors; but the change is really 
so small, and there are so many other things that enter into 
the exact determination of this value, that these figures are 
sufficiently accurate for ordinary calculation. You would not 
select the size of a generator down to anything smaller than 
500 kilowatts, and these values will give you the charging cur- 
rent within a few hundred kilovolt-amperes of the actual value. 
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BY G. M. EATON 


ABSTRACT OF PAPER 

The paper traces, largely by means of pictures, the course 
that has been followed in developing the mine locomótive to 
its present condition. The paper is limited. to locomotives 
for operation in coal mines. The two main factors which have 
directed the development are, first, the demand for increased 
entry capacity, and second, the exploitation of thin seams. 
The early machines were high, and of irregular outline, whereas 
later machines are compact and strong, yet accessible, and easily 
inspected and overhauled. Various types of framing are il- 
lustrated. Locomotives with two and three axles in rigid wheel 
base, and also tandem locomotives are shown and described. 
Reference is made to various methods of connecting the motors 
by which the adhesive weight is used to full advantage. Gather- 
ing locomotives, with vertical and horizontal reels, both axle- 
driven and with independent electric drive, are illustrated, and 
some of the problems of gathering work are briefly discussed. 
There is also brief reference to various types of motors with differ- 
ent methods of lubrication, as well as some reference to sleeve vs. 
frictionless bearings. The paper closes with a few tendency 
curves, and attention is called to the lines of future development, 
which these curves apparently indicate. 


HE evolution of mine haulage has been directed at every stage 

by the demand for increased capacity. This clamor for 

more tons at the tipple is successively relegating to the discard, 
both man and animal haulage. 

Available headroom plays a close second to output require- 
ments in moulding the development of the locomotive for coal 
mines. Wherever the seam is too thin to permit free passage for 
the mule, the electric locomotive is the logical solution, and as 
thicker seams are worked out the field must become more and 
more monopolized by this type of motive power. 

The thin seam, however, is not the only logical field for mine 
electrification. In fact, the earliest applications of mine locomo- 
tives were made for service in thick scams, where the chief 
aim was increased tunnel capacity. 

Fig. 1 shows the first locomotive supplied for mine service in 
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1,896 by one of the large builders of this class of machine. It 
weighed 43,550 1b. (19,754 kg.) and was equipped with two 75 h.p. 
motors driving through double reduction gearing and side rods. 
The block displacement of this machine, 4.е., length X height X 
width - 582.5 cu. ft. (16.5 cu. m.). Block displacement 
divided by h.p. = 3.88 cu. ft. (0.114 cu. m.) per h.p. А 
modern machine equipped with the same capacity of motors 
would have only 231 cu. ft. (6.48 cu. m.) block displacement 
or 1.54 cu. ft. (0.043 cu. m.) per h.p. 

This is a measure of the increased demand for space economy 
in mine locomotives. "This particular machine, shown in Fig. 1, 
was scrapped April, 1913, after 17 years of service. 

Fig. 2 shaws a locomotive produced in 1913 and is presented to 
emphasize the radical improvement over Fig. 1. A few of the 
main features wherein this improvement lies, are listed below: 

1. Electrical equipment designed for mine service. 

2. Staunchness of general construction. 

3. Maximum protection of apparatus, without sacrifice 
of easy inspection. 

4. Single reduction gearing. 

5. Low height. 

6. Short overhang. 

7. Compact design. 

All these features may be summed up as those contributing 
to produce a machine that will do its work reliably with a min- 
imum of out-of-service periods. 

Very few locomotives of the scraggly outline shown in Fig. 1 
were put out for coal mining service. It became evident at an 
early stage of the development that a mine locomotive must be 
capable of withstanding severe collisions, and must sustain a 
minimum of damage from falling roof and similar emergencies. 
The locomotive design, therefore, soon settled down to an iron- 
clad machine with motors under cover, and virtually under an 
inverted box. This was for many years considered the ideal and 
only way to build mine locomotives, and is still thus regarded 
by some today. Cast iron was the almost universal material em- 
ployed in the locomotive framing. 

Fig. 3 and 4 show typical machines of the period, the first with 
frames inside the whcels, and the second with frames outside the 
wheels. Thus far the locomotive was used for nothing but 
main haulage, animal haulage being practically universal for 
gathering. This was a rather long-lived stage in the develop- 
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ment of locomotive framing. The causes for gradual changing 
of ideas were fundamentally two. First, the entry of locomotives 
into gathering service, and the consequent necessity for lighter 
locomotives to negotiate flimsy, rough track in rooms, and 
second the demand for greater strength to withstand the rough 
and tumble gathering service, and increasingly severe main haul- 
age service. 

Sections were trimmed smaller and more care was taken to put 
the metal where it would do the most good. It was then realized 
that it would be an excellent plan to produce locomotives which 
if damaged in a wreck, could be repaired in the mine blacksmith's 
shop. Fig. 5 shows a locomotive with plate and angle framing, 
which meets this requirement to quite a degree. Such a machine 
is far lighter for a given strength than a cast iron frame machine. 
There is, however, a rather definite maximum woight limit beyond 
which it proved to be poor economy to push this type of machine. 
Larger machines when laid out with plate and angle construction 
proved to have such high weight economy that it was necessary to 
ballast them to give the weight required for adhesion, and when 
laid out with cast iron members the strength was sufficient for all 
ordinary requirements. 

A step further with this general type of construction is shown 
in Fig. 6, where bent flanges replace the angles shown in Fig. 5. 

In case of a collision with these plate stcel frame locomotives, a 
certain amount of bending and buckling may occur, but the fram- 
ing can be straightened up in the blacksmith's shop, and the 
locomotive returned to service with a minimum of delay. . 

Another type of frame which is extremely substantial and 
which lends itself to heavier locomotives consists of a single heavy 
rolled steel plate cut out to the desired shape. This type of 
frame is practically unbreakable, and it has been used quite ex- 
tensively. 

A very interesting combination of cast iron and structural 
steel frame is shown in Fig. 7. Several such locomotives have 
been turned out and have given good service. In case of a bad 
crumpling of the frame, the operator can secure a commercial 
angle and bar or he can carry a length of each in stock and can 
make quick repairs on the ground. 

If the end casting breaks he can secure a new one and make 
replacement himself without an extensive disassembly of his ma- 
chine. He can also lengthen the locomotive wheel base, should 
he so desire. 
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The next step was to cast steel bar frame shown in Fig. 2. 
This frame has been thoroughly demonstrated in steam locomo- 
tives and in electric locomotives for main trunk line railways. Its 
main advantages have been summarized under Fig. 2. Figs. 8,9, 
10, and 11 show the convenience with which such fundamental 
parts as brake shoes, armature bearings, oil wells, commutators, 
еїс.. сап be inspected and maintained. The motor is open to air 
circulation and will therefore perform a given all-day service with 
less temperature rise than when operating in a more nearly en- 
closed space. For purposes of quick production the cast steel 
bar frame was at first considered inadaptable. If a large, 
special steel casting must be made for each new locomotive, 
quick production is difficult. Fig. 12 shows a locomotive with 
cast steel bar frame in which two pedestal openings at the left- 
hand end are cast in embryo as it were. By machining out the 
lower chord of the framein the wake of the proper pedestal opening, 
the same casting can be used for either inside or tandem-hung 
motors. This casting is also designed to suit either inside or 
outside frames. These castings can then be carried in stock in 
the more popular sizes of locomotive and comparatively quick 
shipments are possible. This type of frame lends itself to a cer- 
tain amount of repair at the mine. It is, however, based more 
particularly on the principle of making a frame that will resist 
damage to a greater degree than plate and angle construction, 
at some sacrifice of the ease of making permanent local repairs. 
A bent frame can be heated and straightened at the mine forge. 
The chance of a frame breaking is very remote, in fact out of the 
large number of locomotives with this type of frame produced 
to date by one large concern, only one case of cracked frame has 
been reported. This occurred in a severe collision, and the frame 
was replaced. 

In steam locomotive practise, the great length of the cast steel 
frames, and the heavy strains incidental to high speed and high 
power, cause considcrable frame breakage. Welding by either. 
the thermit or the electric process proves very satisfactory, and 
in the event of breakage in mine service could be employed. The 
thermit process would be the most practical, especially in small 
operations, on account of the simplicity of the necessary equip- 
ment. 

To meet the demand for the maximum drawbar pull with a 
minimum of weight, a variety of types of locomotives have been 
introduced. The first locomotive illustrated in Fig. 1 shows one 
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effective method, namely the coupling of the axles by means of 
side rods. In this machine, rod drive was adopted as a ready 
means of applying standard industrial motors rather than for the 
purpose of securing maximum draw bar pull. 

Fig. 18 shows a locomotive equipped with a single motor geared 
to one axle and rod connected to the other, to secure the total 
weight for adhesion. In this type of machine, the advantage of 
simplicity and smaller number of parts is secured with the sacri- 
fice of the advantage of the series parallel connection. 

The same general result is secured by connecting the axles of a 
single motor locomotive by one or by two chain and sprocket 
Systems, instead of by side rods. 

Another method consists of gearing a single motor directly 
to both axles. The motor may have its shaft parallel with the 
axles with double reduction spur gearing, as shown in diagram 


Fic. 14 


in Fig. 14, or the motor shaft may be longitudinal, with bevel 
gearing. 

In all of these arrangements, the reduced complication of the 
single motor is more or less offset by the great complexity of the 
transmission system. 

In the early locomotives, cast iron wheels with chilled treads 
were universal. 'The introduction of steel tired wheels was 
first made to secure a longer wheel life. These wheels, however, 
also contributed the advantage of greater adhesion, particularly 
with sand. The ultimate possibility in drawbar pull with a given 
weight of locomotive is of course the rack rail machine. 

In the pursuit of greater capacity on a given gage, or to suit a 
fixed cross-section of entry, the next logical step after maximum 
drawbar pull is secured from two axles, is, in mine service as 
in trunk line locomotives the addition of more axles. The his- 
tory of the mine locomotive, however, is different from the trunk 
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line machine in that the first step which was broadly applied in the 
mine locomotive was from two axles to four axles and later Jn a 
few cases to three axles. This of course was due to the almost 
universal existence of sharp curves that strictly limited the 
available wheel base. Fig. 15 shows a tandem locomotive. 
This particular machine is not necessarily permanently coupled. 
It is equipped with a single controller on the left-hand half, 
which handles all four motors. Flexibility of operation is se- 
cured by equipping the right-hand half with a controller capable 
of handling two motors only. | 

The locomotives can thus be operated as single or double units 
according to the exigencies of the service. Also in case of injury 
to one half, a minimum of reduction of mine output occurs. 

When the main entry is laid out with liberal curves, it is pos- 
sible to have three axles arranged in a single long rigid wheel 
base. Fig. 16 shows a locomotive of this class. 

In developing low coal veins it becomes important to keep 
down the overall height of thelocomotive to an absolute minimum. 
Fig. 17 shows a locomotive in which the flange of the wheel is the 
highest part of the machine. These low locomotives are of course 
particularly desirable where bad roof conditions make it inad- 
visable to blast down the roof to secure added head-room. Such 
machines are also advantageous in gathering from low rooms as 
lack of head-room makes it difficult for men to push out the cars. 
This brings up the general subject of gathering locomotives. 

At first the gathering locomotive was simply a small edition 
of the main haulage machine. Such a locomotive of course re- 
quires in the rooms steel rails more or less effectually bonded, 
and a trolley wire. 

For various reasons 1t 1s often undesirable to introduce these 
features into the rooms. The cause may be danger to the miners 
gascous condition of the mine, or expense. These objectionable 
features are partially overcome by equipping the locomotive 
with a reel carrying a single conductor cable, as shown in Fig. 18, 
and running stecl rails, but no trolley wire into the rooms. A still 
further elimination is secured by fitting the reel with a double 
conductor cable, when unbonded steel rails, or wooden rails, 
can be employed. With wooden rails, the locomotive weight is 
practically limited to about five tons. 

Another method of climinating the undesirable features is the 
application of the storage battery to the gathering locomotive. 
This is a comparatively recent development, but with the modern 
storage battery with its ability to resist mechanical shocks, the 
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locomotives of this class have given promise of being thoroughly 
practical. 

The locomotive can gather from the rooms without entering 
them if a traction reel or crab is installed on the locomotive, as 
shown іп Fig. 19. This type of locomotive can haul cars from the 
rooms, but of course cannot deliver empties to the face. 

A comparatively small number of locomotives have been pro- 
duced on which both types of reel are applied. 

The earliest form of cable reel was driven from one axle by 
achain. Two general types are in use, one with its axis vertical, 
as shown in Fig. 20, and the other with its axis horizontal as in 
Fig. 18. Both have an inherent weakness. When the rooms 
dip to the entry, it is necessary to brake the locomotive when 
bringing the car out. If the wheels from which the reel is driven 
slip on the rail, the cable slackens, and is liable to be run over and 
cut in two. To overcome this, two types of reel have been pro- 
duced, one with long clock springs, which are wound up on entering 
and which unwind and recover the cable on the return. А later 
general type is driven by an independent motor which is con- 
nected across the line through a resistance and is in effect an 
electrical spring. 

There are here as in the case of the axle driven reel the vertical 
axis type and the horizontal axis type as in Fig. 21. Inthe 
latter type the armature is inside the reel. Fig. 22 shows the. 
method of removing an armature. The resistance used with this 
type of reel is the heater type of resistance where the resisting 
element is mica insulated and hermetically sealed in a steel tube. 

A traction reel with bevel gear drive is shown in Fig. 23 in 
rather more detail than in Fig. 19. Thereel can haul through an 
angle of slightly over 180 deg. or over 90 deg. from the track 
on either side. 

As locomotive development has been perfected, attention has 
focussed more and more on facility in overhauling. For example, 
in the early types of locomotive with frames outside of the wheels, 
it was necessary in order to remove a journal box, to drop the 
axle or jack the locomotive till the box was entirely clear of the 
side frames. Fig. 4 showed a locomotive where this is necessary. 
Various designs were later adopted where this is avoided. Fig. 8 
shows another solution where the pedestal gibbs are interrupted 
and when the locomotive 1s jacked sufficiently to slack the spring 
the segmenta] pedestals are out of mesh and the box will slide 
out freely. This feature is representative of many details that 
have been similarly improved. 
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As has been previously stated, the earliest locomotives were 
electrically equipped with apparatus designed for other types of 
service. As the electrification of mines gained headway, it 
became evident that the severity of the service demanded more 
sturdy equipment. The motors received the first attention. 
Some of the leading types will be reviewed. The motor used on the 
locomotive shown in Fig. 1 was a bipolar type and is shown in 
Fig. 24. Fig. 25 shows a motor split through the axle. A very 
large number of locomotives are running with motors of this 
class. The overhauling of such motors and particularly the 
renewal of axle bearings is more difficult than with many of the 
later designs. This motor in common with all the earlier types is 
arranged for grease-lubrication of both axle and armature bearings. 
Such bearings in general require the addition of lubricant at 
least once a day, and sometimes much oftener. With proper 
attention, however, they have given very good results. 

Fig. 26 shows a motor with independent axle caps. Both axle 
caps and suspension attach entirely to the lower half of the frame. 
This permits of ready overhauling of the motor. The excellence 
of this general arrangement was first proved in city and inter- 
urban railway service and it proved equally successful in mine 
service and has been widely adopted. 

The great advantage of oil and waste lubrication over the 
earlier grease lubrication was proved in the strect railway motor. 
Its wide success 1n this field led to its introduction 1nto mine ser- 
vice. Fig. 27 shows a mine motor so equipped. 

This experiment was entirely successful and was also widely 
adopted. “This form of lubrication in combination with high- 
grade bronze bcarings is in fact so thoroughly successful that it 
is still considered by some locomotive builders, to be the best all 
around solution. In one complete line of motors that has been 
on the market for some years, there has been no case reported 
where this type of bcaring has failed. Other builders in dis- 
carding grease bearings have standardized on various well-known 
types of ball or roller bearings. It is to be hoped that the com- 
parative merits of the two gencral tvpes of sleeve versus friction- 
less bearings will be brought out in the discussion. 

In addition to the mechanical improvements of the motor, 
the electrical designs have made a great advance. The most 
notable feature has been the addition of commutating poles. 
This is of particular advantage in mine service, where there is 
little or no coasting, so that there is no chance to polish the com- 
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mutator. In such service, the best of commutation is essential. 
Fig. 27 shows a typical arrangement of motors with commutating 
poles. 

The motors of today are designed with particular reference to 
securing a high continuous rating, since this means the greatest 
tonnage delivered at the tipple. 

In the early days the resistance gave a great deal of trouble. 
Various forms of cell and ribbon type resistance were employed. 
These were gradually superseded by grid resistance, till today 
this is the accepted standard. The first introduction of grid 
resistance, however, was by no means the solution, and both 


Fic. 28 Fic. 29 


manufacturers and operators could fill an evening with harrowing 
reminiscences of grid resistance grief. 

The first controllers applied to mine locomotives were series 
parallel or type K controllers. The size and particularly the 
height of this type caused the early adoption of the rheostatic 
or type R controllers. The early R controllers were without 
means for series paralleling the motors. The reverse drum was 
later modified to include a series parallel switch.. The next im- 
provement was the incorporation of means to make it more diffi- 
cult to buck the motors. Magnetic blowouts have been used on 
all these controllers. 

Fig. 28 shows an early form of trolley which was widely used. 
This was later superseded by the trolley shown in Fig. 29. The 
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principal changes which were made in this latter trolley were the 
smoothing out of the contact pressure curve; that is, a propor- 
tioning of the operating mechanism details, so that within the 
working range the pressure on the trolley wire would remain 
approximately constant, regardless of the height of the trolley. 


The trolley was also arranged so that pressure of the wheel on the 

wire could be adjusted without any overhauling of the trolley. 
Fig. 30 shows a form of trolley specially adapted for use with 

high cars where the other forms of trolley strike the car or the 
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coal іп the car. This trolley is also adapted for use іп theiron 
mines. 
Many other detail developments could be pointed out, but it 
seems preferable for these to be brought out in the discussion. 
The following curves show roughly the trend of the times in a 
few lines of development. These curves are based entirely upon 
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the locomotives built by one manufacturer, but it is believed that 
they are fairly representativo. 
The curves in Fig. 31 show the maximum and minimum weight 
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in pounds for locomotives shipped each year from 1896 to 1913 
inclusive. 

In connection with the maximum curve, it is interesting to 
note that the first mine locomotive ever shipped by this partic- 
ular builder is the heaviest it has ever put out. This was a 
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three axle machine, and is therefore not included in this curve. 
There is no pronounced tendency of the maximum curve. In 
1899 a two-axle locomotive was built, weighing approximately 
40,000 1b., (18,143.7 kg.) and several of about the same weight 
have been built since that time. This limit has held for so long 
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in coal mine service for this type of locomotive, that it seems to 
be pretty definitely settled. 

The minimum weight locomotive has had less sharp variations. 
This is natural because far more locomotives of this size are re- 
quired. and many are put in service every year. The minimum 
. weight locomotive also established itself in 1899. It will be noted 
that improved frame constructions have in the smallest locomo- 
tives been capitalized in the shape of increased factor of safety 
and more powerful equipment instead of in decreased weight. 

The curves in Fig. 32 show the maximum and minimum height 
from rail to top of frame, for each year. The maximum height 
curve shows a rather definite climbing tendency. If the one high 
spot in 1899 were absent, this tendency would be more definitely 
pronounced. It looks, however, logical to expect higher loco- 
motives. 

The minimum height curve is getting very close to the hori- 
zontal. It seems probable that no radical decrease is to be ex- 
pected, as there is great inherent difficulty in operating these 
exceedingly low machines. 

The curve in Fig. 33 shows in a striking manner how power has, 
been crowded into a continually smaller space. The term power 
is used advisedly although the curve is based upon tractive 
effort, because the speeds involved in the years vary very little. 

The general tendency of this curve would seem to justify the 
expectation of a gradual increase in tractive effort, relative to 
gage, while the plotted points if faired up for tractive effort rela- 
tive to height, offer little hope of radical 1mprovement with two- 
axle locomotives. Inherently, it is possible to double the height 
of the curve by using tandem locomotives. An attempt was 
made to show actual results with tandem machines, but so few 
have been made that the plotted results are jagged and show 
no tendency that can be profitably analyzed. 

This brief discussion of the curves is offered only for what it 
is worth and not as a prophecy. 
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THEORY OF THE CORONA 


BY BERGEN DAVIS 


ABSTRACT OF PAPER 


The theory of the corona developed in this paper explains the 
coronal discharge by the application of the known laws of the 
discharge of electricity through gases. 

The experiments of Dr. Whitehead and Mr. F. W. Peek and 
others have shown that the surface gradient X; at the surface 
of a smooth wire necessary to start the corona increases very 
greatly as the radius of the wires decreases. As anillustration 
of this increase it is found that the coronal gradient X; at the 
surface of a wire 0.5 cm. radius 1s 46,000 volts per cm., whilea 
gradient of 97,000 volts per cm. is required for a wire of 0.02 cm. 
radius. The phenomenon is due to ionization by impact. The 
ions 7, move in toward the wire from the place at which they 
cross a region where the gradient is X, = 26,600 volts per cm. up 
to the wire. They produce other ions, and n ions arrive at the 
wire. The condition for the corona is that n shall be a constant. 
If @ = the number of ions that one ion produces in a cm., then 


b 
f a dx 
n = поезд 
The Q is a function of X at every point. This function is expres- 
sed in terms of x. It is introduced into the above equation, and 
on integration the equation for the corona is obtained. The 
equation also contains a term for the density of the air. The 
equation thus takes account of changes of pressure such as al- 
titude and temperature effects. The equation when plotted in 
a curve for the variation of Xs with the radius of the wire, agrees 


with the experimental results of Whitehead and Peek with as 
great accuracy as the experimental results would warrant. 


HE ATTENTION of the writer was first called to the cor- 
onal discharge from high-tension transmission lines by a 
paper presented to the American Institute of Electrical Engineers 
іп 1911 by Prof. H. J. Ryani. This discharge is a very inter- 
esting one from the point of view of the discharge of electricity 
through gases. The phenomena have been quite fully investi- 
gated and described by Dr. J. B. Whitehead, F. W. Peek and 
others. 
When either a direct or an alternating high potential is ap- 
plied to a smooth cylindrical conductor, there is at the surface of 
the wire a very high gradient of potential or electrical intensity. 
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When this electrical intensity becomes great enough, the sur- 
rounding dielectric, in this case air, breaks down and a faint glow 
appears, and, as has been shown by Dr. Whitehead, the air 
becomes ionized. If the electrical intensity is still further in- 
creased, the ionization and luminosity increase also, and there is 
considerable loss of energy from the wire. 

There are interesting relations between the surface gradient 
necessary to produce the corona and the radius of the wire. As 
the radius decreases, the electrical intensity increases very much, 
as is shown by the curves in Figs. 3 and 4. In a discussion of this 

effect Prof. Steinmetz has suggested that there is a skin-effect 
at the surface of a conductor; that the di-electric strength of air 
is altered by contact with a curved metal surface. It appeared 
to the writer that this could not be the case, but rather that this 
phenomena should be capable of explanation by the known laws 
of the discharge of electricity through gases. The following 
development of a theory of this effect appears to show that it is 
really a case of ionization by impact. 

The theory of ionization by impact has been developed by 
Prof. J. S. Townsend. He has established by experiments, that 
if о is the number of new ions produced іп a gas by one ion іп 
going one centimeter when driven by an electrical intensity X, 
and p is the pressure of the gas, the following functional relation 
holds between a, x, p, for all values of x, x and p whatsoever: 


2. = (>) (1) 


When ionization by impact takes place in a gas, the density 
of ionization is enormously increased as is shown by the following 
considerations. Let no be the number of free negative ions 
crossing a unit of area of surface in a gas in unit time, under an 
electrical intensity X. Let а be the number of ions produced by 
one negative 10n in going one centimeter. 

If the ion moves a distance dx, the number produced will be 
a dx, and if there are N such ions crossing any plane, the number 
crossing a plane dx distant will be dN = а Ndx. On integrating 
this between no crossing plane of start of the action, and n, the 
number crossing a plane at distance d we have: 


d 
fads 
. =“ (2) 
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If the electrical intensity is uniform between a and d, а is 
independent of x and the equation becomes 


A = es å, which is that used by Prof. Townsend. 

The conditions about a cylindrical conductor may be des- 
cribed by use of the cross section of such conductor represented 
by Fig. 1. 

The shaded portion c represents the 
conductor whose radius is a. The 
electrical intensity at the surface of 
this conductor is Xs, and X represents 
the electrical intensity at any point 
distant x from the center of the con- 
ductor. 

The cylindrical surface Q, whose 
radius is b, represents the surface 
Fic. 1 where the electrical intensity has the 

constant value Хо. This electrical 


intensity X, is the least gradient of potential at which ioniza- 
tion by impact can occur. Ionization by impact and the coronal 


discharge itself can only take place between the surface Q 
and the wire, in which region the electrical intensity is greater 
than Xo. 

Let E represent the potential difference between the wire and 
the ground or some other distant conductor, and let the distance 
of this other conductor or ground be R. 

The electrical intensity at x is: 


E 
"ius 
574 
At surface it is: 
E 
Ae = 
a log — 
At surface Q it is: 
E 
Xo = R 
b log " 


From the above we obtain: 


X = Xo P. dnd d ~x,~. (3) 
x a 
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The physical process involved in the establishment of the dis- 
charge may be traced in the following way: The conductor is 
subject to an alternating potential. Let the maximum value of 
this at crest of the wave be just sufficient to produce the corona. 
There are a certain number of ions, No, in the region around the 
wire. Only negative ions ionize by impact at ordinary pressures. 
Suppose the wire to be at the positive phase, the No ions move 
inward and when they cross the surface X, they begin to 1onize 
by impact. They produce N, ions which approach the wire. 
Here some of the N, ions disappear (current loss). On the next 
phase, the wire is negative, these ions move outward from the 
wire. Some of them disappear by recombination, but there are 
No, left, and No; is much greater than the original No. "These 
No; ions move inward on the succeeding positive phase. They 
produce №, ions, which on the next half phase decrease to №: 
ions, and thus the process goes on until after a number of cycles, 
the density of ionization about the wire at crest of positive phase 
15 п. The noin the theory here proposed is the number of ions 
crossing the surface Хо on the phase at which the discharge 
appears. 

Now let no be the number crossing the surface where the 
intensity is Хо, and let n be the number which reach the surface 
of the wire, and assume also that the visible discharge appears 
when n reaches a fixed constant value. 

From equation (2) 

b 


"s f a dx (4) 


= 6% 


No 


The density of ionization at surface of conductor will increase 
somewhat, without ionization by impact, as the No ions move 
inward. This increase will be proportional to the ratio of the 
radius of surface Q to that of the conductor. 

We may now write 


ру FE © 


Mo b 


One may assume that the discharge wil appcar when the 
ionization per unit arca at the surface reaches a certain constant 


value n. 
An inspection of Fig. 1, will also show that the number of no 
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lons, crossing surface Q per unit area, varies inversely as b; con- 
sequently, we may approximately assume that the whole term 
on the left is a constant for first appearance of discharge. 


b 


n Hj fads (6) 


—n 


no. b 


= 64 / 


Constant = ( 


The number of new ions a that one ion produces in going one 
centimeter is a function of X, by equation (1), and X is a function 
of x by equation (3) so that а is a function of x. It 
is necessary to express this function in order to perform the 
integration indicated in the right hand member of equation (6). 

The number of ionizing impacts per cm. indicated by a in the 
right hand member of (6) depends upon the value of the electrical 
intensity X, which in turn depends on the distance x from center 
of conductor (see Fig. 1). Consequently, œ will depend upon x. 
Also, œ depends upon the pressure of the air. 

Since we find that а is a function of x and p, it is necessary to 
express the form of this functional relation. 

A few years ago, the writer? developed a theory of ionization 
by impact, by means of which the form of the function 


> = f (+) , may be expressed. 


The complete development of this function cannot be given 
here, but the reader is referred to the original paper. 
The expression there obtained for a 15 


"m -eEi(--) (T) 


Where А is the least ionizing path of an ion when driven by a 
field X, and / is the mean free path of the negative ion at the 
pressure considered. The least possible difference of potential 
through which an ion must freely run to produce ionization is 
v= X Му. The quantity X А, should be a constant for any gas, 
independent of the pressure and independent of the electrical 
intensity. 

2. Physical Review, Jan. 1907, also Annalen der Physik, Band 42, 1913. 
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Recent experiments by Bishop? shows this to be the case, and 
the value he finds for v in case of air is 7 = 10.2 volts. 

Equation (7) very easily transforms into the following ex- 
pression: | 


1 , 0 


а _ = 2 P.5;( _ Р] 
P "zl ° ы ай ж; REI "6L xJle 


Where v = ХА, Р is the pressure of the air in cm. of mercury, 
and L is the mean tree path of an ion at normal pressure. 
The above cquation expresses the form of the function 


ig) 


If the value of а from this expression is introduced into equation 
(6), and likewise the values of X in terms of x are introduced from 
(3), we will have a complete expression for the appearance of the 
corona, at any pressure and for any size of conductor. However, 
equation (8) is not directly integrable for x. It contains the 
exponential integral 


о p 
gi( - 76 L £) 


which is a series, every term of which would need to be separately 
integrated, for every case. This equation is consequently 
unworkable. 

An integral equation which is a close approximation to (8) must 
be found. Equation (9) is such an expression. Its departures 
do not introduce any considerable errors particularly for values 


of a less than 900. 
The approximate equation 1s 


а Х TE 
cA B( 5 so) (9) 


If the constants À and B are given the values 0.05 and 
0.0000115 respectively a good agreement of (9) to (8) is obtained 
as shown bv the curves in Fig. 2. 


АЗ. Physical Review, Nov. 1911. 
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By setting Хо = 350 p = 26,600 volts per cm., equation 
(9) becomes 


а= А р + В 5 (x- x.) 


Also from equation (9) the above becomes: 


(10) 
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eIt is to be noted that Xo is the electrical intensity at points 
indicated by the dotted circle Q in Fig. 1. It is the least gra- 
dient at which ionization by impact can occur. Also X, depends 


Xo ' 
on the pressure is such a way that — = Cis a constant inde- 


p 


pendent of the pressure. It has the numerical value (350)? 
= 122,500 volts per cm. | 
Equation (10) becomes 


a=Ap+BC~(— -1) (13) 
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This expression for e is introduced into equation (6) 


b b b b А 
[adnan авс» | (---1)ш 


The limits of integration are a and b, since the ionization takes 
place as the ions move inward from the surface of radius b to the 
surface of the wire of radius a. - 

Performing the indicated integration: 


КЕСЕ — 2 b log 2.) 


6 


b b2 b b 


Since X, is clectrical intensity at distance a from centre of 
wire, and X, is the electrical intensity at b from the center 


m 
a 


b 
| oe ar 8 (2: -1) 
0 


X As 4s) 
EBCpa(S — 1 2 X, log Xo (12) 


It is desirable to introduce into the above a term representing 
the density 6 of the air, where 6 = unity for p = 76 cm. 

Also note that ó X, expresses the value of the least gradient 
at which ionization takes place for any density 6 of the air. 

Equation (12) now becomes: 


b 
X, 
ІК 76 A a ò (- 1) 


а 


Ky Xs X; 
+76B Саг (gys 1-2 xy log Xç) 
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Upon introducing the values of the constants А, В and C, 
equation (6) becomes: 


Xs Xs? Xs Xs 
(2 а) = 3.8248 E -1) +107 08 (s 1-2 AF tos р) (13) 


The above is a general expression for the relation between the 
gradient X, and the radius a of the wire for conditions nec- 
essary to produce the corona. 

Writing the above in the logarithmic form, and since the left 


! ; n a 
hand member is constant, setting log( — 5-)= К, one ob- 
0 


b 
tains: 
K _ X; 1) X ë X; X; ) 
3.88 (x; + 107 8 (gx - 1-25 3. log 5 
(14) 
This final form may be conveniently used for comparison with 
experiments. 


The relations between the radius of a smooth wire and the 
surface gradient necessary to produce the corona have been 
quite carefully investigated by Dr. Whitehead and F. W. Peek. 

Whitehead* finds that equation (15) expresses the relation 
between X, and a for a wire passing through the center of a 
surrounding cylinder. 


= 32,000 (1 + 


ce 


In Fig. 3 is plotted the relations of X, to a as calculated from 
(14). The constant K = 6 is found by equating (14) with (15) 
for a particular value for X, and a. 

The dotted circles represent the results of experiment as ex- 
pressed by the empirical equation (15). The agreement between 
theory and experiment is very satisfactory. 

F. W. Peek® has investigated the problem for parallel wires 
in the open air. He also investigated the effect of spacing of the 
parallel wires. He finds that if the conductors are not too near, 
the relations between radius and surface gradient may be ex- 
pressed by 


(15) 


301 
X, = 29,800 (1 È ) 
+ Va 


4. TRANS. A. I. E. E., Vol. XXX, June 1911. 
5. tbid. 


(16) 
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The law of the corona for this case is the same as for a wire 
enclosed in a cylinder, but the electrical intensity at which it 
occurs is less than for the enclosed wire, as the constant outside 
the parenthesis has a smaller value. 

The theoretical equation represents this case also. The con- 
stant, K has a smaller value, as the constant outside the paren- 
thesis is (16) is less than that in (15). The comparison of theory 
and experiment is shown in Fig. 4. The agreement here also is 
very good. 


REDUCTION OF EQUATION (14) To Form or Equation (15) 


The fact that equations (14) and (15) plot into almost iden- 
tical curves is evidence that the theoretical equation expresses 
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the law of the corona as accurately as the empirical equations of 
Dr. Whitehead and Mr. Peek. However, equation (14) is not 
quite so workable in practice since it 1s not so simple in form and 
contains a logarithmic term. It is perhaps worth while to show 
that equation (14) very easily transforms into equation (15) if 
one represents the logarithmic term by a series: 


X5 - Xs Xo 
log, E = С, X + С» X, TG 
This logarithmic term is very closely represented by the series 


if one gives the constants the values of 0.28,—0.82 and 0.53 
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respectively. Introducing these values of Ci, C» and C; in the 
series, substituting the series for the logarithmic term of (14), 


and collecting the constants of like powers of A equation( 14) 
0 


immediately changes to 


X,- 32,000 (1 n 2:40) 
“а 
This simple transformation makes (14) agree іп form апа 
value with the experimental equation of Dr. Whitehead. 
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CHANGE OF DENSITY OF THE AIR 
Both Dr. Whitehead and Mr. Peek have investigated the 
effects of pressure or density of the air on the appearance of the 
corona. Peek points out that both his own and Whitehead's 
results may be represented by the following empirical equation: 


0.308 
X; = 31,000 2:308 
8 (1 i v ба 


The term 6 represents the density of the air, taking Ó — unity 
for normal atmospheric pressure and temperature. Equation 
(14) also contains б and consequently should also express the 
effect of change of density. 


(17) 
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A plot of (14) is given in Fig. 5 for a few conductors of different 
radii, the dotted circles representing the results of experiments. 
Here again the agreement is very good. 


CONDUCTORS SURROUNDED BY CYLINDERS, AND CONDUCTORS 
IN THE OPEN 


There is a marked increase in the surface gradient require 
to produce the corona with the wire surrounded by a cylinder 
over that of a wire in the open. The experimental values of X; 
are about 7 per cent greater in the one case than in the other. 
The theory of ionization by impact furnishes an explanation of 
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this increase, as will be readily seen by a detailed study of the 
physical process involved in the two cases. 

Consider a wire stretched through the center of a metallic 
cylinder, as represented in Fig. 6. The outer cylinder M, say, 
has a radius of 3 to 5 cm., these being the dimensions used by 
Dr. Whitehead. The central conductor is charged by an alter- 
nating potential, such that the gradient at the surface just pro- 
duces the corona. The condition for the discharge is that the 
ionization т per unit area at the surface shall reach a certain 
value. Assume a certain amount of ionization in the cylinder, 
and follow the process through a cycle. The wire is just beginning 
its negative phase, and as the potential rises, the negative ions 
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are driven out from the wire toward the outer cylinder. If the 
radius R is small, these ions will reach the outer cylinder M and 
disappear before the wire changes 
to the positive phase. If the outer 
cylinder M 15 not there, but 
another wire or the earth is at a con- 
siderable distance, the ions will not 
have disappeared, but will still exist 
and many will return and cross the 
surface Q, on the reversal of phase. 
The mo ions of equation (13) are 
thus decreased by the nearness of the 
cylinder, and the gradient X, is in- 
creased. One can readily calculate the change in ж. Fora 
wire in the open (see Fig. 4): 


Fic. 6 


The ratio of a to b will be about the same in the two cases. It 
is found from the two above expressions that mo is 5.5 times as 
great for a wire in the open as for a wire enclosed in a cylinder. 


THE EFFECT OF SPACING OF PARALLEL CONDUCTORS 


Mr. Peek has observed some interesting and unexpected 
results on the effect of spacing of parallel conductors. It was 
found that at great distances, a change in spacing had no effect 
on the coronal surface gradient, but when the wircs were brought 
nearer, the gradient increased, and at a certain spacing not near 
enough for sparking, the gradient became nearly as great as for 
wires surrounded by a cylinder. As an illustration, when the 
two parallel conductors of 0.1 cm. radius are 20 cm. apart, the 
gradient is 58,000 volts per cm.; when they are 7 cm. apart, the 
coronal gradient is increased to 61,000 volts per cm. 

These results can also be explained by the assumption that part 
of the mo ions disappear when the conductors are near. 

Consider the physical process about conductor C, Fig. 7, as the 
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potential goes through a cycle. The conductor C begins with a 
negative potential which increases, decreases, and becomes posi- 
tive. During the negative phase, the negative ions move out- 


ward along the lines of force towards Qu mE 
: 7” S 
B. If the conductors are sufficiently yo а аа ` 
e . / ч» «ж-е s s ` 
far apart, these ions will not reach B Я ⁄— == 
before the phase changes and they === БЕ m 
š N “ E АРА 
are again drawn toward C. However, NOT ——— 
) : š M 22 
if the spacing d is small enough, some eia 
I . 


of the % ions will have reached 
B and so will have disappeared. That is, at a certain critical 
spacing no will begin to decrease, and the coronal surface gradient 
will begin to increase. 

This increase in X; is shown by several curves in Peck’ s paper. 
The critical spacing at which this increase in X, takes place is 
given in the following table (d observed). 


а Xs d (observed) 4десУХ;а 
0.103 58,000 17 to 18 cm. 17.5 
0.162 52,500 18 to 21 21. 

0.2 50,000 21 to 23 23. 
0.327 46,000 28 to 31 28. 
0.412 44,000 32 to 34 32. 


c=0.23 ша constant. 


The change in the gradient as the spacing is decreased is so 
gradual that the critical spacing d at which X; begins to be in- 
creased cannot be sharply fixed. 

The expression in the fourth column of the table for the crit- 
ical spacing is derived from the following considerations: This 
spacing 1s the distance that anion would move out from conductor 
Cina quarter cycle. All of those ions that arc to cross the surface 
Xa at the crest of the positive wave, must be within such distance 
of the wirc, that they can return while the potential is increasing 
from zero to a maximum on the positive phase. 

Let k be the specific velocity of an ion, and X the gradient at 
a point x at a time і. Then Ë X will be the velocity at that point 
and time. 


dx 


ug e 


1914] DAVIS: THEORY OF THE CORONA 543 


and Хх = X 


XJA 


also 
X, varies with the time. 


ЖҰ = X; sin рі 


dx a . 
— = ЕХ: sin! 
T 
d 4 
IEEE 2 [sn pa 
a 0 
k Х,а 
RNC Ps 
d:— a af 


Since a is very small compared to d, it may be neglected, and 
setting 


k 
= — = stant 
C VA ху = à constan 
the above becomes | 


4-сУХ,а (18) 


which is the equation Бу which the fourth column of the table 
is calculated. 


THE NATURE OF THE #o IONS 


The theory here proposed for the corona is founded upon the 
assumption, that there are a large number of ions zo which cross 
the surface X, and build up the ionization to n ions at the surface 
of the wire, while the gradient is near its maximum on the pos- 
itive phase. қ 

This foundation principle seems to be opposed by some experi- 
ments of Dr. Whitehead’. This contradiction, however, is only 
apparent. It is perhaps worth while to give his work in more 
detail and show that this is the case. 

(a) An effect was sought for by increasing the original ioni- 
zation about the wire by ionizing the air about the wire within 


— - 
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6. Trans. A. Т. E. E., Vol. XXXI, 1912. 
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the cylinder by Rontgen rays. The result was negative; no 
change in the coronal voltage was observed. 

(b) The wire is surrounded by thin paper tubes within the 
cylinder. “А clean copper wire 0.157 cm. in diameter, started 
the corona at 58.5 primary volts. This wire was then succes- 
sively enclosed in thin paper tubes 2.54 cm., 1.27 cm. and 0.95 
cm. diameter. These tubes were slightly longer than the outer 
cylinder and were insulated and held accurately concentric by 
means of three threads at each end ". 

“Ions in the region outside of these tubes would be pre- 
vented from reaching the wire, and if these ions have any 
influence on the coronal voltage, we should expect an ele- 
vation of this voltage, when the wire is screened as above. 
No change in the coronal voltage was observed when the 
larger tube wasin place. In case of the smaller tubes the coronal 
voltage (primary) was lower by 1.5 to 2 volts, than when the 
tubes were not inserted. In this experiment, the number of ions 
in the neighborhood of the wire is lower when the paper tube 1s in 
place. ” 

А closer examination of the physical process about the wire will 
show, however, that neither the Rontgen rays nor the paper 
tubes can have much effect on the number of the no ions con- 
sidered in this theory. 

Suppose that the alternating potential applied to the wire for 
experiment (a) is such that the surface gradient will just produce 
the corona. 

For the sake of clearness, consider that the potential is applied 
to the wire at the beginning of the positive phase. The ions 
present, due to the natural ionization of the air, move inward 
toward the wire, and designate by No those that cross the surface 
Xo at crest of positive phase. These produce ionization by im- 
pact and N, ions arrive at the wire. (see Fig. 8). These N, ions 
are not numerous enough, however, to produce a visible corona. 
Some of these N ions are neutralized by the wire (current loss), 
and on the next phase, when the wire is negative, the remainder 
move outward, passing the positive ions which are moving inward. 
Many disappear by recombination during this time, but a number 
much greater than the original № are left. On the next change to 
the positive phase, No; ions cross the surface Хо at crest of wave. 
These produce Ne ions which arrive at the surface of the wire. 
Part of these ions disappear as before, but leave Noe ions for the 
next process. Thus the ionization builds up in a manner graph- 
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ically shown іп Fig.8. The ло ions of the theory and of figure 
8, are many thousand times more numerous than the origina] 
No which are due to the natural ionization of the air. 

The Rontgen rays as applied by Dr. Whitehead would increase 
the №, ions, but not the no ions. But the number of cycles re- 
quired to build up the ionization would be decreased by the 
application of the Rontgen rays. | 

This process requires that a number of cycles should elapse be- 
tween the application of the potential to the wire and the appear- 
ance of the corona. I venture to predict that such delay would 
be observed if the experiment were performed in the following 
way. The potential of the secondary should be adjusted so as 
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to just produce the corona. А suitable switch should be placed 
in the secondary circuit. The current in the primary should be 
kept on continuously. The coronal discharge should appear many 
cycles after the closing of the switch in the secondary. This 
arrangement avoids the sudden rush of current into the trans- 
former on closing the primary switch. 

Such an effect has been observed. A graduate student, 
working under the direction of the writer at the Physical Labor- 
atories of Columbia University, obtained such nice adjustment 
of potential difference that the discharge would regularly appear 
three minutes after the application of the potential to the elec- 
trodes. Here, therateof production only slightly exceeded the 
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rate of disappearance of the ions. It took a long while to build 
up from N. to n ions. 

The above view of the physical process about the wire also ex- 
plains the absence of any considerable effects when the wire is 
inclosed in a paper tube. The building up process at successive 
cycles indicated in Fig. 8, goes on inside the paper tube. As the 
wire is on successive negative phases, the Nui, No», Nos etc. ions 
are driven outward and cling to the inside wall of the paper tube. 
As the wire changes to the successive positive phases, these №, 
Nos, Nos ions come free from the wall of the tube, and move in- 
ward, producing ionization by impact in the same way as though 
the paper tube had not been there. 

The negative ions while on the inner wall of the tube will not 
produce any disturbance in the electrical intensity about the wire, 
because of the law that there is no electrical force inside of a 
hollow conductor due to a charge on its surface. "The paper tube 
experiment which at first sight appears conclusive, really leaves 
the effect of the original ionization on the discharge still undeter- 
mined. 

The laws governing the formation of the corona are thus fully 
explained by the known principles of the motion of ions and ioni- 
zation by impact. The real dielectric strength of air is not altered 
by the curvature of the conductor. 'The apparent dielectric 
strength, however, is altered. 

There is still an important problem in connection with the 
discharge not considered in this paper. There is a loss of energy 
from the conductor, which increases very rapidly as the potential 
is increased beyond that required to produce the corona. It 
would be desirable to develop a theory that would completely 
describe this energy loss in terms of ionization by impact. How- 
ever, new and great difficulties are encountered when this 1s 
attempted. The redistribution of the ions causes a modification 
of the electric field about the conductor. The representation 
of this new field distribution in terms of the ionic charges and their 
motions, by a differential equation, is a matter of very great 
difficulty. 
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SOME SIMPLE EXAMPLES OF TRANSMISSION LINE 
SURGES 


BY W. S. FRANKLIN 


ABSTRACT OF PAPER 


The paper treats of the true wave phenomena which take place 
on a transmission line when switches are opened and closed or 
when a circuit breaker operates. These phenomena are practical- 
ly the same in alternating- and direct-current systems for trans- 
mission lines up to say 150 or 200 mi. (240 or 320 km.) in length, 
and therefore the surges which are described in the paper are the 
surges which take place when a steady voltage is connected to 
the line or when the line is disconnected with a steady current 


flowing in it. 

The details of line surging which takes place under such con- 
ditions are most easily described in terms of what may be called 
the " ribbon wave ”, and the first part of the paper is devoted 
to a discussion of the ribbon wave. Then a number of practical 
examples are described in detail. 


HE LINE surges which are described in this paper are so rapid 

оп transmission lines of moderate length that all the details 

as described take place during a very small fraction of a second 

and any change of 60-cycle voltage or current is negligible during 

the very short interval of time involved. Therefore the effects 

which are described occur in substantially the same way in direct- 
current systems and in alternating-current systems. 

The effects of line resistance and leakage on a line surge are 
extremely complicated ; indeed, these effects cannot be expressed 
in finite algebraic terms. Usually, however, line resistance and 
leakage are small, and therefore a line surge on an actual trans- 
mission line approximates in its early stages the character it 
would have if line resistance and leakage werezero.  Lineresist- 
ance and leakage are assumed to be zero throughout the follow- 
ing discussion. 

The complete solution of the differential equation of wave 
motion on a transmission line is involved in or expressed by the 
simple idea of travel!; and the use of this idea is exactly equiva- 


1. This is by no means the case when line losses are taken into account. 
547 
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lent to the use of the general analytical solution of the differen- 
tial equation of wave motion; namely: 


y = f(x — w) + F (x + sf) (1) 


To solve a particular problem, the two unknown functions 
f and F must be determined so as to satisfy the given conditions 
which exist over the line at the beginning (/ = 0), and so as to 
satisfy the conditions which are continuously impressed on the 


be transmission line 


Fic. 1 


line at its ends. In this connection it must be remembered that 
either of the functions f or F may be zero or a constant, and it 
must also be remembered that any number of separate solutions 
of the differential equation of wave motion can be superposed 
upon each other to get a desired solution. Thus the heavy dotted : 
line AB in Fig. 17 represents a constant initial distribution of 
current over the transmission line; and when the end of the line 
in Fig. 17 is opened, a long-drawn-out wave shoots out from the 


axis of e 


axis of time 


Fic. 2—SHOWING VOLTAGE e OF Fic. 1 AS A FUNCTION OF THE TIME 


opened end, and is repeatedly reflected at A and B. The super- 
position of the initial current and any number of successive laps 
of the long-drawn-out wave gives the desired solution of the 
differential equation of wave motion. 

An interesting example is to consider the effect produced when 
a variable voltage e is applied to one end of an indefinitely long 
transmission line as shown іп Fig. 1. The curve in Fig. 2 ex- 
presses e as a known function of the time, and the wave that 
shoots out from e in Fig, 1 is shown by the curve in Fig. 3. Тһе 
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curve in Fig. 3 evidently gives the correct solution, because in 
the first place the idea of travel satisfies equation (1), that is to 
say, the idea of travel satisfies the differential equation of wave 
motion; and in the second place the value of e in Fig. 3 is equal 
to the value of e in Fig. 2 at all times, that is to say, the wave in 


Fic. 3—SHOWING SHAPE OF WAVE WHICH SHOOTS OUT FROM e IN Fic. 1 


Fig. 3 satisfies the condition which is continuously impressed 
upon the line at the end e in Fig. 1. 

A clear idea of the essential details of an electromagnetic wave 
on a transmission line may be obtained with the help of Fig. 4. 
The curve W W in thelower part of the figure represents the shape 
of the wave, that is to say, the ordinate y represents the current 


+ charge 


= charge. 


шіге? 


FIG. 4—SHOowING AN ELECTROMAGNETIC WAVE ON A TRANSMISSION LINE 


in the wires at the point p or the voltage between the wires at 
the point p, and of course the curve W W may be of any shape 
. whatever. The dots in Fig. 4 represent the magnetic lines of 
force which are perpendicular to the plane of the paper. | 

1. Relation between Current and Voltage in a Pure Wave. The 
differential equation of wave motion on a transmission line 
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(when line losses are negligible) involves a fixed relation between 
voltage and current on a line in connection with a traveling wave. 


This relation is 
E 1 
+= +A (2) 


where l is the inductance of the line per mile, and c is the capacity 
of the line per mile. Hereafter the letter a will be used for № L | 


By proper choice of algebraic signs the relation between E and 
I becomes 


ñ Q KG; (3) 


ШШ] 


ribbon wave Э 
Fic. 5—SHOWING THE RIBBON WAVE WHICH SHOOTS OUT FROM A BATTERY 


WHICH IS SUDDENLY CONNECTED TO THE END OF THE LINE 


The voltage between the line wires within the wave is everywhere equal to battery 
voltage E, and the current in each wire within the wave is equal to E/a. 


for a wave which is traveling to the right, and 


E _ 
E is (4) 


for a wave which is traveling to the left. 

2. The Ribbon Wave. Fig. 5 represents an indefinitely long 
transmission line to which a battery has been suddenly connected 
Assuming battery resistance to be negligible, the result is that 
battery voltage E and the corresponding current I( = E/a) 
is established in the line by a long-drawn-out wave which shoots 
out from the battery. This is a simple example of the general 
case which is shown in Figs, 2and 3. Ií the distance d in Fig. 5 
is 18.6 mi. (29.93 km.), then Fig. 5 represents the state of affairs 
0.0001 of a second after the closing of the switch. The long- 
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drawn-dut wave іп Fig. 5 may be completely represented by the 
heavy arrow at the bottom of the figure, if it be remembered that 
the arrow represents the existence of a certain voltage E and the 
corresponding current 7 at each point along the line. In most 
of what follows we have to do with what are called rectangular 
waves. А rectangular wave is a wave in which the voltage has 
everywhere the same value E, and in which the current has 
everywhere the same value 1. | 
. 9. Reflection of a Rectangular Wave from the Open End of a Line. 
The doubled arrow in Fig. 6 represents a wave which has been 
partly reflected at the open end of a transmission line. The 
voltage and current in the original wave are E and 7, and the 
voltage and current іп the reflected wave are E, and IJ, respectively. 
No energy can be delivered to the end of the line, therefore volt- 
age and current have the same values in the reflected wave as 
in the original wave. The direction of progression of the reflected 
wave being the reverse of that of the original wave requires that 
wire either voltage of current be re- 
open end versed, but not both. The total 


wire of line voltage at the end of the line 
E I E +E, can have any value what- 

) ever, but the total current J+J, 

| E. must be zero. Therefore I, = —I 


r ? 


Fic. 6—SHOWING A WAVE Party and Ё, = Е. Reflection takes place 
REFLECTED FROM THE OPENED with reversal of current at the open 
END OF A LINE end of a transmission line. 

4. Doubling of Voltage by Reflection. When reflection takes 
place with reversal of current and without reversal of voltage, it 
is evident that an excessive voltage is produced in the region 
where the reflected wave and the original wave overlap. Thus 
the reflection in Fig. 6 is with reversal of current so that E, = E, 
and therefore the voltage is 2E in the region where the reflected 
- wave and the original wave overlap. 

. A wave is reflected from an inductive receiving circuit so that 

E, — Eatthe beginning of the reflection, as explained in connec- 

tion with Fig. 9. Therefore a doubled voltage is produced in 

this case. I 
This rise of voltage due to reflection isimportant. Thus a wave 

may enter an underground cable with insufficient voltage to 

damage the cable, but if the other end of the cable is open, or if 
inductive apparatus is connected across the other end of the 
cable, then a doubled voltage will be produced when the wave 
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is reflected from the other епа of the cable. If such a cable must 
not be subjected to more than 2000 volts, a spark-gap arrester 
breaking down at 1000 volts must protect the cable where it 
connects to an air line. 

5. Reflection of a Rectangular Wave from the Closed End of a 
Line. The double arrow in Fig. 7 represents a wave which has 
been partly reflected from the short-circuited end of a transmis- 
sionline. Noenergy can be delivered to the end of the line, there- 
fore voltage and current have the same values in the reflected wave 
as in the original wave. The direction of progression of the re- 
flected wave is opposite to the direction of progression of the 
original wave; therefore either voltage or current must be re- 
versed, but not both. The total current at the end of the line 
I + I, can have any value whatever, but the total voltage E + 
E, must be zero. 


wire wire nd of line 
short-circuited R 
wire end of line wire 
— ae 


г? 

Fic. 7—SHOWING A WAVE PARTLY Fic. 8—SHOWING A WAVE PARTLY 
REFLECTED FROM THE SHORT- REFLECTED FROM A NON-INDUC- 
CIRCUITED END OF A LINE TIVE RECEIVING CIRCUIT OF RE- 

SISTANCE R 

Therefore E, = — Eand I, = I. 


Reflection takes place with reversal of voltage at the closed end of a 
transmission line. 

6. Reflection of a Rectangular Wave froma Non-Inductive Circuit 
connected across the End of a Line. The doubled arrow in Fig. 8 
represents a wave partly reflected from a non-inductive circuit 
of which the resistanceis R. The ratio of voltage to current must 
be the same in the original and in the reflected wave, except for 
reversal of sign, therefore 


ur ES (5) 


and 


| (6) 
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These two equations define the original wave and the reflected 
wave as pure waves, the only kind which can exist if line resistance 
and line leakage are negligible. The total current at the end of 
the line in Fig. 8 is J + I,, and this current flows through the 
receiving circuit. The total voltage across the end of the line 
in Fig. 8 is E + E,, and this voltage acts across the receiving 
circuit. "Therefore, since the receiving circuit is non-inductive 
we have 

E + E, 


I tH, = —g (T) 


The original wave is supposed to be given, and the ratio E/I nec- 
essarily satisfies equation (5). Equations (6) and (T) contain, 
therefore, the two unknown quantities, E, and I,, and solving 
for these quantities we get 


(8) 


,-1((4-%) (9) 


When R = a and there is no reflected wave at all; the entire 
original wave is swallowed up, as it were, by the receiving circuit. 
When R is greater than a, there is partial reflection with re- 
versal of current; thus when R = да, we get E, = 3 E, and 


and 


I, = Fs 3 І. 
When R 15 less than а, there 15 partial reflection with reversal 
of voltage; thus when R = 1а, we get E, = — 4 Е, апа I, = 3 I. 


7. Reflection of a Ribbon Wave from an Inductive Receiving 
Circuit? The solution of this problem is completely represented 
in Fig. 9 for the case in which R = 4a. At the instant that the 
head of the ribbon wave strikes the receiving circuit the reflec- 
tion is complete with reversal of current (E, = E and I, = — I), 
because an appreciable current cannot be instantaneously es- 
tablished in the inductive receiving circuit. Current 1s, however, 
slowly established in the receiving circuit, and the reflected wave 
becomes weaker and weaker, passes through zero, and then grows 
stronger and stronger again, until finally we get that particular 
degree of steady reflection with reversal of voltage (E, = — š E, 


2. The analytical solution of this problem is given in Franklin's '* Elec- 
{тїс Waves," pages 99—101. 
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and I, = 3 I) which depends upon R alone. The curves сс 
in Fig. 9 are exponential curves, and the value of the exponent 


| R+a ; ; ; 
is — Ate, t, where 415 the abscissa expressed in seconds. 

8. Transmission Line Surges which Follow the Switching on of a 
Generator. A generator of negligible resistance and reactance is 
suddenly switched on to a line, and a ribbon wave of generator 


wire wire 


transmission line R 
wire wire L 


original wave 


: reflected wave ) 
(a 


original wave 


ЇЇ! 


rrent in reflected wave 


ТА final value 
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x-axis 
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original wave original wave 


TUN 
. 


E. linal value 


WE ІШ ІШ 1 
voltage in reflected wave 


Fic. 9—SHOWING REFLECTION OF A RIBBON WAVE FROM A RECEIVING 
CIRCUIT OF RESISTANCE R AND INDUCTANCE L, WHEN R = {а 


. E 
voltage and corresponding urrecnt (Т = 4) shoots out along the 


I 
line. Assuming line resistance and lcakage to be negligible, this 
ribbon wave 1s reflected back and forth as indicated in Fig. 10 or 
Fig. 11, and by adding together the voltages and currents in the 
successive laps, a precise knowledge of the distribution of current 
and voltage over the line at any instant may be obtained. Thus, 
after a thousandth of a second the total travel would be 186 mi. 
(300 km.), and by dividing this travel bv the length of the line 
we get the number of laps of the ribbon wave, with a certain 
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fraction of the next lap. By carefully reckoning up successive 
laps in this way complete curves can be easily plotted "showing the 
voltage across the line and the current in theline at any point of 
the line as functions of elapsed times. The ampere-time curves 
in Figs. 10 and 11 were obtained in this way. 

The ribbon wave is reflected from the distant end of the line 
with reversal of current or voltage according as the distant end 
of the line is open or closed; and the character of the reflection of 
the ribbon wave at the battery end of the line is determined by 


wire I 


=B T open end of line —- 
+E +I 
+Е -I 
-E -/ 
-E +I 


+E +1 


curve of current at B 


Fic. 10—SHOWING WAVE WHICH SHOOTS OUT FROM A SUDDENLY CON- 
NECTED BATTERY, WAVE BEING REPEATEDLY REFLECTED AT BOTH 
ENDS OF THE LINE 


the condition that the total voltage across the battery end of the 
line must always be equal to battery voltage. 

Fig. 12 shows what happens when a generator of negligible 
resistance and inductance is switched on to a transmission line, 
a non-inductive receiving circuit being connected across the other 
end of the line. Fig. 12 shows the casein which R = За. In this 
case voltage and current are each reduced to half, and current is 
reversed by reflection from R. The character of the reflection 
from the battery end B is determined by the same condition as in 
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Figs.10 and 11, and this reflection is complete, battery resistance 
being negligible. 

Fig. 13 shows the growth of current at Bin Fig. 12and Fig. 14 
shows the growth of current at R in Fig. 12 for the case in which 
R = la. In this case voltage and current are each reduccd to 
half, and voltage is reversed by reflection from K. 

9. Reflection at a Place where the Line Constants Change. Ап 


short-circuited end of line 


wire wire 


N ribbon wave *E +1 
- +I 
+E +I 
=E I 


axis of Í 
curve of growth of 
current at B 


axis of time 


Fic. 11—SAME AS Fic. 10 EXCEPT THAT THE DISTANT END OF THE 
LINE IS SHORT-CIRCUITED 


important case to consider is where an air line connects with an 
underground cable as shown in Fig. 15. А rectangular wave 
with voltage E and current / is partly turned back or reflected 
from the end of the cable, and partly transmitted into the cable. 
It is required to find the voltage and current values E, and J, in 
the reflected wave, and the voltage and current values E, and I, 
in the transmitted wave. 

There are two expressions for the total voltage across the line 
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wire wire 


wire | wire 


нЕ +I 


curve of current growth at B curve of current growth at R 


Fic. 12—SHOWING A RIBBON WAVE PARTIALLY REFLECTED AT R (= За) 
AND COMPLETELY REFLECTED AT B 


Fic. 13—SHOWING GROWTH ок Ес. 14—SHOWING GROWTH OF 
CURRENT AT В IN Fic. 12, CURRENT AT RIN Fic. 12, 
WHEN R = {а WHEN R = la 
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at p, namely, E + E, on the one hand, and E, on the other hand, 
and these two expressions must be equal. "Therefore 


E + E, = E; (10) 


Also, the total current I + I, must be equal to I, so that we 
have 


I + I, = I, (11) 
Furthermore, we have . 
E 
T +a : (12) 
qir line underground cable 


е, СШ 


Fic. 15—SHowING WAVE PARTLY REFLECTED AT A POINT WHERE AN 
AIR LINE CONNECTS WITH AN UNDERGROUND CABLE 


ut --a (13) 
and г = +b | (14) 


From these equations we find 


b—a 2b 
ШЕГЕТІН ui cr 
а--% 2a 
Ine ud Dec 


For example, a wave in which E = 1412 volts and J = 2 
amperes (а = 706 ohms) travels along an air line, and comes to 
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the end of a cable for which b = 100 ohms. Under these con- 
ditions E, = — 1063 volts, J, = + 1.5 amperes, E, = + 349 volts, 
and T, = + 3.5 amperes. 

10. Reflection at a Place where a Line Branches. Fig.16 repre- 
sents a place where a line branches into two similar lines. The 
doubled arrow represents a partly reflected rectangular wave, and 
the two transmitted waves are exactly alike because the branch 
lines are similar. Equating voltages across branch point, we һауе 


E + E, = E, (15) 
Equating currents on two sides of branch point, we have 


Fic. 16—SHOWING WAVE PARTLY REFLECTED AT A BRANCH POINT 
OF AN AIR LINE 


Also, for each individual wave we have 
E 


= =-a (18) 
E 
Т, = +а | (19) 


апа from these equations we find 


Е, = — šE and І, = + šI 


and E, = 2 E and IL = 2 I 
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That is, the reflected wave represents 1/9 of the energy of the 
original wave, and each transmitted wave represents 4/9 of the 
energy of the original wave. 

ll. Transmission Line Surges which are Produced when a 
Circuit. Breaker Opens. When a circuit breaker opens, the arc 
which 1s formed persists for a very long time, relatively speaking, 
and the open gap in the circuit is filled with a fairly good conduct- 
ing material which slowly loses its conductivity. It is about as 
nearly impossible to produce characteristic line surges by opening 
a circuit breaker as it would be to set up an abrupt water wave 
in a canal by allowing a cubic mile of soft mud to flow into the 
canal prism to stop a troublesome flow of water in the canal; and 
yet the moon, as a 60 cycle generator (60 cycles per month!) 


gos inductance 
wire wir 


а а 
+Е -I 
tE +i 
+E. _ 
tE tl 
+E -j 
Fic. 17 


The dotted line AB represents the initial current in the transmission line. The long 
heavy airow represents the ribbon wave which comes from D after the line at D is opened. 


might produce a troublesome tidal wash in a large estuary while 
the attempt was being made to “ open-circuit ” the estuary in 
this Brobdignagian fashion! Let the reader consider this 
hydraulic analog carefully. It produces nearly all of the es- 
sentials of the electrical case. The conducting vapor in the arc 
of a circuit breaker is somewhat analogous to mud as a dam 
building material. 

Very little need be said of characteristic linc surges in connection 
with opening of switches, except in the case of very long lines. 
When a line is short, or only moderately long, what takes place 
may be described quite accurately in terms of the simple ideas 
of clementary alternating-current theory, where current values 
are supposed to rise and fall simultaneously throughout an entire 
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circuit. The formation of a long arc between line wires in air, 
and the quick snapping out of such an arc, is the only case known 
to the writer where an electric wave disturbance can be produced 
by opening the circuit of a transmission line of moderate length, 
and the essential features of this case are shown in Fig. 17. Im- 
agine the system to be short-circuited by an arc at the distant 
end D of the transmission line, voltage being reduced to a neg- 
ligibly small value over the whole line, and a large current J 
established іп the line. The generator is to be thought of as hav- 
ing a large inductance so that the generator current cannot change 
perceptibly during the very short time required for the character- 
isticlinesurges. When the distant end of the line is opened, a rib- 
bon wave shoots towards the generator, is completely reflected at 
the generator with reversal of current, again completely reflected 
at the opened end D of the line with reversal of current, and so on. 
The first lap of this ribbon wave wipes out the current in the line 
and lays down a certain voltage E ( = aD). The second lap of 
the ribbon wave lays down a double voltage, and the original 
current. The third lap wipes out the current again, and lays 
down a voltage equal to 3 E, and so on. 

It must not be imagined that the sending out of a ribbon wave 
depends upon a continued supply of energy at the point where. 
the ribbon wave originates. Thus in Fig. 17 the ribbon wave is 
superposed upon the initial current J,and the first lap of the ribbon 
wave wipes out this current. "Therefore since the current is zero, 
therc is no energy flow at all from the opened end. The second 
lap of the ribbon wave lays down the original current 7 and a 
doubled voltage 2E ( = 2 aD), and this combination of voltages 
and current represents the flow of energy from the generator into 
the line. 


To be presented at tre 204th meeting lof ‘the 
American Institute of Electrical Engineers, 
Washington, D.C., April 24-25, 1914 under the 
auspices of the Electrophysics Committee. 
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SOME INVESTIGATIONS ON LIGHTNING PROTECTION 
FOR BUILDINGS 


BY L. A. DE BLOIS 


ABSTRACT OF PAPER 


A description is given of investigations conducted for a large 
manufacturer of explosives to determine upon a suitable system 
of lightning protection for buildings containing explosives. The 
work is divided into the following sections: 

(1) An analysis by oscillograph of the secondary currents in- 
duced by actual lightning discharges in vertical. earthed con- 
ductors, the results seeming to indicate that such currents are 
non-oscillatory and aperiodic, though occurring in eithera 
negative or positive direction. An attempt is made to explain 
the phenomena generally attributed to high frequency oscil- 
lations by the existence of unidirectional waves of almost 
vertical front. 

(2) An investigation of the primary effects of a 20-in. spark in 
air having the same essential characteristics as those attributed 
to lightning when applied to a model protective system con- 
sisting of isolated vertical conductors surrounding a small 
building. 

(3) An investigation of the secondary effects produced under 
the above conditions, which are considered to be static inductive 
rather than dynamic inductive. 

A brief description is given of a general protective system 
recommended for explosives buildings. 


T IS the purpose of this paper to describe the results of a 
study made in an effort to develop a system of lightning 
protection for explosives manufacturing buildings and magazines 
which would insure at least some measure of protection, rather 
than a possible increase in risk—as unfortunately seems to have 
been the case with some so-called ‘ protective systems.” Since 
such systems have been based on speculative theory as to the 
actual character of lightning or on the behavior of model build- 
ings when subjected to spark discharges supposed to bear close 
relationship to the natural phenomenon, an effort was made to 
obtain, if possible, some further and more dependable informa- 
tion, that would furnish not only a better understanding of the 
actual conditions to be met, but also permit more reliable re- 
duced-scale laboratory experiments. 


563 
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INVESTIGATION OF LIGHTNING DISCHARGES 


Secondary currents induced in vertical earthed conductors 
by the passage of nearby lightning discharges to earth presented 
themselves as a possible clue to the nature of the current in the 
actual discharges. Two 103-ft. (31.3-m.) wireless towers, 
situated on the roof of a 123-ft. (37.4-m.) office building, were 
utilized. "The yards, 170 ft. (51.8 m.) apart, subtended a hori- 
zontal plane arca of 5100 sq. ft. (469 sq. m.) represented by 21 
horizontal and approximately parallel conductors. This large 
plane area, acting as condenser against the upper air, was 
found necessary in order to permit the reception of induced 
currents of sufficient magnitude for analysis by the instruments 
available. The conductors were divided into two groups of 
19 and 2. to serve as “ collector-aerial " and “ pilot " respectively, 
each set being cross-connected at the ends and provided 
with two 180-ft. (54.8-m.) leads running obliquely downward 
to the laboratory on the roof. The leads were provided 
with horn arresters just outside the building and were connected 
on the inside to switches operated by ropes. This arrangement 
of acrials gave an excellent installation, well above the ground, 
with an unobstructed view of the country in all directions; 
thereby insuring freedom fromYwave-absorption by grounded 
conductors nearby. А ground connection was secured by a 
heavy cable bolted to the steel framework of the building. 
The natural wave length of the “ соПесіот-аетігі ” was found 
to lie between 700 and 800 meters. 

The instruments used consisted of a wireless receiving equip- 
ment with various detectors, an indicating ''ceraunoscope ' 
(needle detector with electric alarm decoherer), an adjustable 
spark-gap, an 800-volt multicellular static voltmeter, and a 
double-element permanent-magnet oscillograph, modified by the 
addition of field coil and motor drive for the revolving mirror. 
The wircless equipment was used on the collector-aerial for storm 
prediction as described later, the ''ceraunoscope " and static 
voltmeter between the pilot-aerials and ground to indicate 
respectively the occurrence of hcavy discharges and the varia- 
tion in static potential, the spark-gap between either aerial and 
ground as an alternate method of indicating the passage of 
discharges, and the oscillograph between the collectór-aerial 
and ground to furnish a means for analyzing the induced currents. 
The low resistance, 1nductance and capacity factors of the latter 
instrument rendered it satisfactory for this purpose when the 
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usual gold-leaf fuses were replaced by solid metal. Its periodic 
time (5000-6000) on the other hand would have been too low 
to permit the measurement of high frequencies, had they been 
encountered. | 

The importance of storm prediction by the wireless equipment 
was emphasized by the necessity of recording all the com- 
parativély few discharges which were sufficiently heavy or suffi- 
ciently close to induce measurable currents in the aerials, a 
condition aggravated by the transitory nature of the storms and 
by their comparative infrequency. As а matter of fact, of four- 
teen electrical storms in the summer of 1913, only six were of a 
character suitable for observations, and the period during which 
. such work could be performed averaged less than twenty minutes. 
It was found that after some experience with the sound produced 
in the wireless receivers by the waves propagated by lightning 
discharges, the presence of an electrical storm could be pre- 
dicted from 8 to 10 hours before its possible advent, and hourly 
observations on their intensity would gencrally indicate whether 
it was approaching or merely passing through the field of the in- 
struments. Assuming a rate of storm-travel of 25 to 40 miles 
. (40.2 to 64.3 km.) per hour, it would thus scem possible to 
detect the presence of a travelling storm between 200 and 400 
miles (321 to 643 km.) away. 

Until the storm was close at hand, differences of potential be- 
tween collector-aerial and the ground occurred only coincident 
with distant flashes of lightning, but were often sufficient to jump 
a small air-gap or administer a sharp shock, unless the wires were 
grasped firmly in the hand before the switch was closed. As 
soon as the edge of the storm clouds was nearly overhead, 
however, the aerials when disconnected from ground com- 
menced to assume strong static charges as indicated by the 
static voltmeter or spark-gap. Such charges always occurred 
with electrical storms, though less prominently where inter- 
cloud lightning prevailed, and also often occurred with cumulus 
clouds that gave no other indication of their electrical character. 
In such cases the aerials acted as.condensers of low capacity 
charged to high potential, and if connected to ground through 
the oscillograph discharged at.the natural frequency of the cir- 
cuit. As this was approximately 400,000 per second, while 
the natural period of the oscillograph was only 5000-6000, such 
. discharges did not affect the elements, though the addition of 
series inductance rendered them clearly visible on the revolving 
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mirror. If the spark-gap was substituted for the oscillograph 
at such times, sparks of discharge passed fairly uniformly for 
considerable periods until a lightning stroke took place, when 
they succeeded each other so rapidly as to resemble momentarily 
a single arc of some duration. Atsuch times the static voltmeter 
on the “ pilot ” aerial departed from its usual slow swinging 
variation by a sudden upward swing, sometimes from zero and 
sometimes preceded by a gradual rise. This was generally 
followed by a momentary subsidence to zero. 

The first attempts to use the oscillograph for indicating cur- 
rents induced by lightning discharges during 1912 were not en- 
couraging, no indications being obtained, mainly on account of 
insufficient. capacity in the aerials, but after considerable prac- 
tice with the instrument on high frequency discharges, and 
various modifications in the aerials and apparatus, visible in- 
dications on the revolving mirror were noted during the first 
storm of 1913. These were obtained only during the passage 
of heavy discharges comparatively close to the laboratory. With 
especially violent discharges the static voltmeter on the '' pilot ” 
aerial often arced over, as well as the oscillograph switches, 
and in several cases, the horn arresters outside the laboratory. 
The handling of the equipment had to be done by means of well 
insulated poles, or only after first disconnecting and grounding 
the aerials—in fact the whole work of observation was far from 
pleasant, especially at night, the noise of the thunder and 
rain being often deafening and accompanied by numerous 
sparks in the apparatus, and at times by sharp hissing brush dis- 
charges presumably from the building itself, and the general 
discomfort was increased by the possibility of interruption to 
the lighting service and power supply from induced effects. АП 
these conditions naturally contributed to the difficulty of se- 
curing permanent and conclusive records. 

As the collector-aerial could not be tuned to the incoming wave, 
and responded only with forced oscillations, great difficulty 
was encountered in obtaining sufficient induced currents for 
satisfactory indications, except in the case of unusually heavy 
discharges nearby. Otherwise, the photographic records were 
exceedingly minute and were moreover obscured by a heavy 
zero-line, resulting from the continuous rotation of the oscillo- 
graph film at high speed for the prolonged period necessary to 
insure the reception of a record—there being of course no means 
of foretelling the occurrence of a heavy discharge. Consequently 
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visual observations on the revolving mirror were found to be 
more satisfactory, though of course producing no confirming 
records. 

In August 1913 a storm of unusual duration and intensity 
occurred and for a time appeared to be central over the locality. 
Three photographic records in particular were obtained, which 
are reproduced in Fig. 1 as 
largely typical of the lesser 
records obtained previously. 

Referring to Fig. 1, curve(1) 
is a typical example of a 
single steep-front discharge 
from clouds to earth. The 
rate of initial rise of current 1s 
too rapid to be figured with 
any accuracy from the record. 

м N ү The maximum value of the 
I- induced current as recorded 
on the film was 0.5 ampere, 

Еіс. 1—LIGHTNING OSCILLOGRAMS (actually probably exceeding 

STORM OF AUGUST 23, 1913 this amount) and the peak 
proper endured 0.0008 sec. "The latter part of the decay of the 
current endured 0.02 sec., giving indications of minor sustained 
oscillations above the zero-line, occurring with a periodicity of 
about 15,000 per sec. This effect is unmistakable and, though 
not previously photographed, had been noted in a few of the 
discharges observed on the revolving mirror. 

Curve (2) is a typical steep-front wave with five main and 
three supplementary peaks, of which the values are approxi- 
mately as follows: 


Resultant 

Maxima, Duration, . Minima, 

Amperes | Seconds Amperes 

lst Peak 0.474 0.0005 0.225 
2nd Peak 0.387 0.0015 0.114 
3rd Peak 0.305 0.0016 0.069 
4th Peak 0.266 0.0014 0.010 


5th Peak 0.152 0.0012 0.000 


Total 0.0062 


These peaks are followed by a gradual rise to 0.042 amperes 
with indistinct indications of sustained oscillations of a higher 
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periodicity than in (1) for 0.01 sec., gradually dying away to zero. 
The total duration of discharge was 0.0184 sec. 

Curve (3) is a wave of totally different character. The direc- 
tion of flow 1s from the earth upwards, but with a gradual rise 
with indications of oscillations to a maximum of 0.18 amperes 
which is reached in 0.0046 sec. "The current then starts to 
decay but in 0.0023 sec. is interrupted by a sudden peak of 
0.121 amperes, and again in 0.0025 scc. by another peak of 0.069 
amperes. "The total duration 1s 0.0129 sec. 

А summary of all other photographic records is as follows: 


Total number of separate discharges recorded photographically. 50 


е s “ € with single peaks.......... 38 
Ы & * s & “* multiple “........... 12 
ы “ in ы s * steep wave-front..... 29 
т s т к “ * sloping “ Жабы 21 
Total number of strokes positive (from clouds to earth)........ 43 
& “ * negative (from earth to clouds)........ 7 
Average duration of 38 single peaks............... 0.00065 sees 
Minimum ë * single peak.................. 0.0002 
Maximum « s Mos E dig ete EE RR S 0.0016 “ 
Maximum duration of multiple discharge............ 0.0034 “ 
Maximum number of peaks in one discharge......... 6 “ 


In this tabulation the three heavy discharges (1), (2) and (3) 
already discussed in detail are not included as their measurements 
were not altogether comparable with the lesser indications ob- 
tained during the previous storms. For instance, the single 
peaked stecp-front wave (1) showed a total duration of 0.0208 

c., but of this the peak only would have been observed in the 
smaller records. This peak actually endured 0.0008 sec., 
which agrees fairly well with the average duration of 0.00065 sec. 
found for the 38 single peak waves, and we may assume that each 
of the latter may have had its own prolonged decay similar in 
gencral respects to that of (1), but which was obscured by the 
broad zero-line of the oscillogram. 

In no records was there any indication of regular periodic 
high frequency oscillations in the induced current. Had they 
existed, the oscillograph, of which the periodic time was 5000 to 
6000, would have failed to respond. This was never the case 
with heavy discharges to earth nearby, though it did happen, 
presumably for other reasons, with many purcly intercloud dis- 
charges. Moreover, the static voltmeter could hardly have 
been expected to respond to high frequency oscillations as it 
did in the majority of cases of lightning discharges to earth. 
On the other hand, it is probable that the currents induced 


PLATE XXV 
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[DE RLOIS] 
Fic. 2— PHOTOGRAPH ОЕ 20-INcH SPARK WITH REVOLVING CAMERA 


Film NO106. CURRENT IN 
SPARK & 60r WAVE 


[DE ні.015) 
Fic. 3—OSCILLOGRAM OF CURRENT IN SPARK FROM OSCILLATION TRANS- 
FORMER SECONDARY 
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in the collector-aerial followed in a general way at least the 
variations in the travelling waves of the lightning discharges, 
,Since such variations, judging by the oscillograms, involved 
high values of 2 
also for the reason that the damping effect of the aerial, whose 
natural period of vibration was about 400,000, must have been 
very small. If such was the case, do not the records obtained 
point to the fact that lightning discharges are essentially uni- 
directional, non-oscillatory, aperiodic phenomena, especially 
since the steep wave-front occurring in the majority of such 
discharges would account for all the usual effects attributed to 
high frequency oscillations? 

А point in doubt is a suitable explanation for the occurrence 
of multiple peaks, as in 2, and for the gradual rise of current, as 
in 3. In the former case, the time intervals between maxima 
are too short to allow the peaks to be construed as the so-called 
* related discharges " which are photographed as a single flash 
by a stationary camera, but as separate discharges along the 
same path by a camera slowly rotated in the horizontal plane, 
notably in the work of Dr. B. Walter. Since the current 
rarely reached zero between maxima, these peaks may represent 
simply the result of the “ progressive break-down "' of the atmos- 
phere so clearly defined by Dr. C. P. Steinmetz, that is, of a dis- 
charge from point to point. On the other hand, the slow rise 
of current as in (3), may correspond to the A discharge of Sir 
Oliver Lodge, brought about by the gradual building-up of po- 
tential, possibly accompanied by the formation of brush dis- 
charges from buildings, etc., brillant examples of which were 
noted in the storm during which these oscillograms were taken 
or by the formation of striae gradually lengthening and pre- 
paring the discharge path. If such were the case, conversely, 
the B or “ overflow discharges " of Lodge might correspond to 
the steep-front waves. It should also be observed that the 
total duration of discharges as figured from the oscillograms 
seems greater than usually assumed on the basis of high fre- 
quency effects, and consequently the actual discharge current 
may be somewhat less than generally assumed on the basis of 
dynamic effects. 

Whatever may be the true explanation of such points as these, 
it seems reasonable to assume that the most dangerous discharges 
are those with almost instant rise to maximum value, both 


only in the case of steep-front waves, and 
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on account of the impact of the stroke and the possibility of 
dangerous secondary effects. 


INVESTIGATION OF PRIMARY PROTECTION 


For the laboratory work a loose-coupled oscillation trans- 
former was used with Leyden jars and rotary spark-gap, ener- 
gized by a three-kw. 60-cycle magnetic leakage type trans- 
former. Interruptions took place in the condenser circuit 
527 times per sec., and a 42-in. (1.07-m.) spark of good sub- 
stantial character was obtained from the secondary trans- 
former terminals, though for practical purposes this was reduced 
to 20-in. (0.5-m.) during the greater part of the work. Fig. 2 
shows photographs of this spark taken with a revolving camera, 
indicating the occurrence of groups of sparks for each half wave 
of the 60 cycle supply, while Fig. 3 shows on oscillogram of the 
current in the discharge. This consists of one main half-wave, 
either positive or negative, with steep-front and with an average 
duration of 0.00046 sec., followed by one or two suppressed 
half-waves. This agreement with the oscillograms of light- 
ning discharges in the matter of steep wave-front and short 
duration was considered sufficient excuse for the employment 
of the 20-in. (0.5-m.) spark in the work to follow. It might 
be added that the discharge presumably corresponded to Lodge’s 
B type, that is, was produced suddenly and not by a gradual 
building-up of potential, and in conformance with this struck 
equidistant ball and point electrodes impartially. 

Preliminary work with this spark directed vertically down- 
ward from points (called “ cloud-points ") pendent from a 
suspended metal “cloud " to a metal ground-plate or a box 
of dry or moistened earth on which was placed the model of 
a small building constructed of pasteboard with metal roof 
and interior metal apparatus, pipe lines, electric lines, etc. on 
a scale of 1 in. to 20 ft., with four isolated vertical lightning 
rods placed a short distance from its corners, led to the follow- 
ing general conclusions, some of which are of course self-evident: 


(a) The building was in the greatest danger when the discharge took 
place from one cloud-point placed directly above it. 

(b) The lower this cloud-point, the more likely the building was to 
be struck, especially if the lightning rods were low or widely separated. 

(c) An increase from one to four cloud-points merely increased the 
number of rods likely to be struck simultaneously. 

(d) The closer the cloud-point to the building, the greater the number 
of rods which were likely to be struck simultaneously. 
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(e) With one cloud-point, the farther apart the rods, the fewer were 
struck simultaneously. 

(f) With outside lightning rods of a proper height and at a proper 
distance, a model similar to the one tested could be protected with 
apparently 100 per cent efficiency. 

(g) With low or widely separated rods the introduction of a metal 
roof, not grounded, seemed to increase slightly the probability of the 
building. being struck, and at the same time seemed to increase the 
probability of more than one rod being struck simultaneously. 

(h) Grounding the roof, if the protection was poor, seemed to in- 
crease the probability of its being struck, but if the protection was good 
such grounding seemed to have little or no effect. 

(i) The introduction of an intermediate cloud below the main cloud 
. seemed to render one rod more likely to be struck if the intermediate 
cloud was high, but when low this effect was more or less neutralized. 


PROTECTIVE RATIO, PER CENT 


$ 


ROD HEIGHT, INCHES 
Fic. 4—Rop EFFICIENCY—EFFECT OF HEIGHT AND SPACING 


(j) While a horizontal plate or a mesh screen across the tops of the 
rods gave perfect protection, a girdle, when the rods were too widely 
placed or too low, was not entirely effective. 


These conclusions, though based on a length of discharge 
equivalent to only 700 or 800 ft. (213 or 243 m.) furnished the 
necessary information for the arrangement of apparatus in the 
following tests which will be summarized as briefly as possible 
and discussed in detail later. 

Protective Efficiency of Outside Rods. Four small vertical 
wire rods of equal length were set up symmetrically on a metal 
ground-plate equidistant from a central rod which represented 
the object to be protected and was adjusted until its height 
was just sufficient to avoid being struck by any of the discharges 
from the cloud-point directly above. This height expressed 
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as a per cent of the height of the outside rods was termed the 
** protective-ratio " of the latter and is plotted in Fig. 4 for a 
fixed cloud-point height of 20 in. (0.5 m.) above the ground- 
plate with varying rod-heights and lateral spacing from the 
central rod, and in Fig. 5 with varying cloud-point height for 
different combinations of rod-height and lateral spacing. 
Effect of Imperfect Grounding of Rods. The four outside 
rods were raised so as to leave slight air-gaps between them 
and the ground-plate. This was tried for different rod-heights 
and air-gaps, but the effect on the protective ratio was almost 
exactly equivalent to that produced by cutting off from the 
tops of the rods an amount equal to the length of the air-gap. 
Effect of Conductivity of Rods. A long series of tests was 


100 


PROTECTIVE RATIO,PER CENT 


CLOUO-POINT, HEIGHT ABOVE RODS, INCHES 


Fic. 5—Rop EFFICIENCY—EFFECT OF CLOUD-HEIGHT 


made with rods of different materials, of different diameters, 
and with rods in which were inserted small inductances. The 
protective-ratio of good conductors such as wires of different 
metals of various diameters were almost identical and even the 
insertion of inductance with and without iron in the magnetic 
circuit did not seriously affect their efficiency. Poor con- 
ductors, however, such as green and dry wood, wood moistened 
with water, acids, etc., or rendered partially conducting by a 
lead pencil mark or by a carbonized streak resulting from a 
previous discharge, though frequently struck, failed to con- 
sistently protect any low object in their vicinity—even the 
ground-plate itself. Also, in contradistinction to good con- 
ductors, when struck they arced over for their entire length, 
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wood being splintered and eventually ignited after the moisture 
and volatiles had been driven off or consumed. 

Discussion of Results. "The function of a lightning rod is 
presumably two-fold: 

(1) To form a projection from the surface on which the lower charge 
resides, extending sufficiently above the objects to be protected and 
thus present to the clouds a salient point having the same relative poten- 
tial as the lower surface. 

(2) When struck to carry off the current of discharge without poten- 
tial differences in its length sufficient to cause the discharge to split off 
or be diverted to nearby objects. 

As regards the first function, it is evident that the rods, in 
order to maintain the same potential as the lower surface must 
be of conducting material and should be preferably in direct 
electrical contact with that surface. Their conductivity and 
potential relation should be such as to permit their following 
sudden, in fact, precipitous variations in the potential of the 
lower surface and therefore should not involve any appreciable 
time-element, as might be the case if high inductance or capacity 
were introduced. Aside from this, a high degree of conduc- 
tivity would seem unnecessary. Poor conductors, on the other 
hand, such as dry wood, green wood, or wood with small wetted 
perimeter, though they might be struck in the natural course 
of events and the discharge follow along their surface in pref- 
erence to a path of higher resistance through the air, would 
show no consistent protective-ratio, as was the case in the tests 
on different materials and as seems to obtain 1n nature for trees. 

In order to fulfill the second function, high conductivity 
with low inductance seems imperative, though where isolated 
rods could be used the effect of lateral spacing should be con- 
sidered; thus 1f the distance from rod to building was as great 
as the height of the rod, it would seem that a rod of the mini- 
mum resistance to resist fusing could be used. 

As regards protectivc-ratio, it seems probable that the rods 
are nothing more than shunt-paths for the building and its 
interior equipment. If the latter is in direct contact with the 
lower surface of charge the rods should also be in such contact 
or should be increased in height somewhat more than the 
equivalent distance. Theoretically the former seems prefer- 
able as one would be led to believe that rods not in direct con- 
tact with the lower surface, though of good conductivity, might 
under some circumstances lag behind the changes in potential 
of the lower surface and so suffer a loss in efficiency, though 
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this was not borne out by the tests on the effect of imperfect 
grounding. On the other hand, it is uncertain exactly what 
the lower surface of charge is. It is presumably not the earth's 
surface unless wet; it may be the surface of permanent mois- 
ture, though well authenticated cases of discharges passing 
down mines, deep wells, etc. scem to point to the existence of 
even lower charges; in any case it is probably of good con- 
ductivity as there seems to be no evidence of '' interearth "— 
corresponding to intercloud—discharges. 

The curves for protective-ratio tend towards a constant 
value independent of cloud-height, seeming to indicate that 
only the lowest part of the path of discharge 1s affected by the 
rods. The geometrical relation between the length of the 
discharge path from the cloud-point to the building and from 
the cloud-point to the rods is given by the formula 


H, = 2 апа + H, 


where H, = height of rod in feet. 
H, = height of building in feet. 


d = lateral distance from highest point of 
building to rods, in feet. 
a = angle subtended from cloud-point by 


rod and highest point of building. 


This obtains only for small values of (a) but was found to 
agree with the experimental results by the addition of a con- 
stant K = 0.11, making the formula 


It seems applicable to the condition of four rods surround- 
ing a building where d = or < H,. It should be noted that 
it involves no factor for cloud-height other than in the angle 
(a) and therefore indicates that the results of laboratory tests 
on protective-ratio, etc. might be applicable to natural con- 
ditions if the scale of reduction was observed. 

Probability of Being Struck. To test the efficacy of the usual 
argument that lightning rods “attract " lightning and so in- 
crease indirectly the danger to the building, a long series of tests 
were performed directly to scale, on a basis of a minimum 
length of lightning discharge of 3000 ft. (014 m.) in mountain- 
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ous districts. Very small models of the building selected 
(48 by 32 by 41 ít. or 14.6 by 9.7 by 12.4 m. actual) were placed 
centrally on a cardboard target representing a circular area 
of 600 ft. (182.8 m.) radius, and this on a somewhat larger 
ground-plate with cloud-point directly above. The “ prob- 
ability-of-being-struck " was considered to be the number of 
discharges that fel) entirely ог in part on the building, lightning 
rods or within the area subtended by the latter and was ex- 
pressed as a percentage of the total strokes falling within the 
600-ft. (182.8-m.) radius. 

summarizing the results, it would seem that the erection 
of a building of non-metallic construction of the size in ques- 
tion without contents increased the danger to the plane area 
only slightly (4 per cent)—until the building was wet, when the 
“ probability-of-being struck " was increased 32 per cent (net). 
If a metallic building was erected instead, the “ probability- 
of-being-struck " was increased 58 per cent or if the building 
was grounded 62 per cent. When metal apparatus was installed 
іп a non-metallic building the “ probability-of-being-struck ” 
was increased 12 per cent to 50 per cent depending on the height 
of the apparatus, and if the apparatus was grounded 26 per cent 
was added in the case of the lower equipment but apparently 
nothing in the case of the higher equipment. On the other 
hand, the addition of a short metal ventilator to the grounded 
apparatus increased the ''probability-of-being-struck " 30 per 
cent more. 

When a metal roof was added to a non-metallic building 
containing metal apparatus the “ probability-of-being struck ” 
increased only slightly, whether the building was wet or dry, 
but when this roof was grounded the “ probability-of-being- 
struck ” was increased 12 per cent to 56 per cent, depending 
(inversely) on the height of the grounded metal apparatus 
inside. | | 

With a non-metallic building with non-grounded metal 
apparatus and four outside lightning rods 70 ft. (21.3 m.) high 
and located about 50 ft. (15.2 m.) from the corners of the build- 
ing, the “ probability-of-being-struck ” was increased 38 per 
cent to 54 per cent, depending on whether the building was 
wet or dry. With a grounded metal roof installed, the '' prob- 
ability-of-being-struck ” was increased only 12 per cent, and 
if the metal ventilator were installed the net increase in '' prob- 
ability-of-being-struck " would probably have been even less. 
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It is these latter conditions that are of particular interest 
in determining how much the danger from lightning to the build- 
ing in question which was of non-metallic construction was 
increased by the erection of rods and apparently in this case 
the rods “ attracted " about 10 per cent to 50 per cent more 
strokes. On the other hand, if the building had had a metal 
roof, if it were equipped with metal apparatus reaching nearly 
to the top, or if its exterior were wet with rain, the effect of the 
rods would be to add very little to the '' probability-of-being- 
struck." Moreover, it should be noted that these tests were 
made not only under the conditions of an isolated building on 
a plane area, but also with the cloud-point directly about the 
building—a combination very unlikely to occur in nature. 


PROBABILITY OF BEING STRUCK, 


EQUIVALENT LATERAL DISTANCE, CLOUD-POINT 
TO RUILDING, FFFT 


Fic. 6—PROBABILITY OF BEING STRUCK—EFFECT OF CLoup Dis- 
PLACEMENT. 


The effect of the position of the cloud-point 1s shown in Fig. 6 
in which the ‘ probability-of-being-struck ” is plotted against 
the horizontal distance from cloud-point to building. 


INVESTIGATION OF SECONDARY EFFECTS 


In order to reproduce secondary effects in a model building 
on a scale sufficiently large to be visible, an arbitrary standard 
of 1 in. (2.54 cm.) to 2 ft. (60.9 cm.) was adopted. This allowed 
the use of a model of sufficient size to permit the construction 
of interior apparatus with reasonable accuracy of detail and, 
though the relative length of cloud discharge was diminished 
in proportion, it was felt that this, while increasing the intensity 
of static inductive effects, would not affect dynamic inductive 
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effects, since in any event the upper part of a vertical discharge 
would have little influence because of the narrow angle sub- 
tended by it. On the other hand, for dynamic inductive effects 
1t was desirable to have the current of discharge as great as 
di 
dt 

The model building was constructed of wood with one side 
open and was completely equipped with metal apparatus, in- 
cluding pipe-lines, electric lines, etc. extending for some dis- 
tance outside, all metallic parts being separately removable 
and practicable to interconnect and ground. It was placed 
directly on an extensive ground-plate with the metal “ cloud ”’ 
above. Secondary discharges were noted by eye or by the use 
of a small exploring spark-gap. 

Static Inductive Effects. Tests were made without direct 
discharge other than brush from the cloud. Secondary brush 
and spark discharges were noted inside the building and the 
following somewhat obvious general conclusions were reached: 


(a) All conducting surfaces not thoroughly grounded, when exposed 
to the influence of a charged cloud immediately overhead, acquire a 
potential against ground which increases with the height of the con- 
ducting surface above ground. 

(b) A difference of potential will exist between all conducting sur- 
faces not bearing the same average spacial relation in the electrostatic 
field to ground or to nearby grounded objects. Such average spacial 
relation is determined by their shape and size as well as distance from 
ground or grounded objects. 

(c) Conducting surfaces in a vertical plane which would acquire 
practically no potential from their position in the electrostatic field may 
acquire a charge from the influence of adjacent objects. 

(d) The grounding of a conducting surface generally increases the 
danger of sparks from adjacent non-grounded surfaces. 

(e) Interconnecting adjacent conducting surfaces can prevent dif- 
ferences of potential between them but may increase the tendency of 
the lowest surface (relative to ground) to arc to ground. 

(f) Discharges tend to take the shortest path, and large surfaces in 
the horizontal plane should be interconnected or grounded at more 
than one point. 

(g) А grounded roof acts as shield for objects beneath it and even when 
poorly grounded diminishes the potential between them, but potentials 
can be introduced below it by conductors which extend inward from the 
outside, provided they are of sufficient capacity. 

(h) Secondary discharges may occur from the sudden charge of an 
overhead cloud or from its discharge. The discharge in any case follows 
the natural frequency of the circuit and consequently may become 
oscillatory, though this condition is improbable in the ordinary interior 
apparatus, excepting only electrical equipment. 


possible and the factor — as high as that of lightning. 
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(i) The effect of adjacent lightning rods is to diminish the intensity 
of secondary effects, though for outside rods of reasonable height and 
spacing, the ''secondary static protective-ratio " is practically incon- 
siderable. | 


Dynamic Inductive Effects. “Tests for such effects were made 
both with the discharge from the secondary of the oscillation 
transformer and with the primary current of the latter carried 
down a vertical rod close to the model building. In the latter 
case the current was calculated to be approximately equivalent 
to a lightning discharge of over 100,000 amperes maximum 
value with a half-wave duration of approximately 0.000005 sec. 
—a condition far more severe than any indicated by the oscil- 
lograph storm-records. In no case could dynamic inductive 
sparks be obtained, though occasional static sparks were pro- 
duced in unbalanced partially closed loops. This failure was 
attributed to the comparatively small area of the partially 


closed loops formed by the various equipment and by the fact 


that neither these loops nor vertical conductors could be "tuned" 
to the magnetic waves and consequently responded only with 
forced oscillations. When it is considered that with a high 
aerial of large capacity such as described in the first part of this 
paper, currents of only a fraction of an ampere were obtained 
with comparatively nearby discharges, it does not seem un- 
reasonable that the dynamic inductive effects in a small model 
building should be insignificant as compared with the static 
inductive effects. | 


GENERAL RECOMMENDATIONS FOR PROTECTIVE SYSTEMS 


As a result of this work, the general recommendations for 
the protection of manufacturing and storage buildings where 
such protection is justified either by the impracticability of 
the operators always leaving the building during a storm, or 
by the value of the building or the character of its contents, 
consisted in a series of vertical isolated rods of iron pipe placed 
outside and surrounding the buildings, and grounded to annular 
conductors buried in the earth at least as low as the water pipes, 
with extensions running out radially at the corners; metallic 
roof projections such as ventilators to be eliminated as far as 
possible; metallic roof and floor coverings to be grounded at 
their salient angles; overhead pipe-lines and other metal con- 
ductors to be grounded at intervals and also where crossing the 
annular conductor; lightning arresters for outside electric lines 
and also for the lowest points of the building wiring (to remove 
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static charges); complete interconnection and grounding of all 
metal objects in the interior. 

This paper has been prepared for the purpose of stimulating 
discussion and further investigation along similar lines, rather 
than for the advancement of any new theories. Others, for 
example, Sir Oliver Lodge and Prof. Elihu Thomson, have 
already pointed out that lightning discharges may be non- 
oscilatory and yet produce all the effects that seem to have 
led to the assumption that they are oscillatory in character. 
As for the laboratory investigations, both on primary and in- 
duced effects, it 1s recognized that these could have resulted 
in further and more certain conclusions had they been pursued 
with the aid of larger apparatus—such as is probably readily 
available to others, and to these the hope is expressed that 
they may become further interested in the investigation both 
of lightning discharges and of sparks produced artifically in 
the laboratory, as well as their interrelation with its bearing 
on the protection of buildings. 


То be presented at the 293d Meeting of the 
American Institute of Electrical Engineers, 
Psitsburgh, Pa., April 9-10, 1914, under the aus- 
pices of the Committee om Use of Electricity in 
Mines. 
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MINE DUTY CONTROLLERS 


BY HARRISON P. REED 


ABSTRACT OF PAPER 


The paper is devoted to discussion of the advisable types 
of control to be used for various mining equipment, particularly 
in bituminous coal mines. Complexity and theoretical de- 
tails have been eliminated as far as practicable with the idea 
of impressing on the reader the need for certain definite features, 
without going into the theoretical details of these features. 

Electric controllers for equipment outside of the mine proper 
as a rule have to meet different operating conditions than those 
controllers which are installed underground. The operating 
conditions are taken up in detail and proper control equipment 
is suggested to meet these conditions. 

The object of the paper is to bring out clearly to the mine 
operatives the fact that suitable control equipment is just as 
important as the installation of a suitable motor, and moreover 
that no motor, however well adapted to the service, will stand up 
properly if it is not operated with a controller designed and 
built specifically to meet the existing installation and operating 
conditions. 


HE application of the electric motor to bituminous coal 

mines has developed so rapidly that there is no section of 

the industry in which the motor has not been installed. Not 

only is the application universal, but the use of electricity in coal 

mines is steadily increasing, principally due to the increased cost 
of producing steam at the colleries. 

The design of satisfactory motor and control equipment for coal 
mines is a considerable problem, because of the severe operating 
conditions encountered. The class of attendants, usually em- 
ployed by the mines to maintain electric motors and their acces- 
sories, is unskilled, principally because of the location of the mines 
and the conditions of work. Many changes in help take place 
for the same reasons, and it is, therefore, difficult to train the 
attendants and make experts of them. These conditions make 
it essential that rugged and reliable electrical equipment be 
installed. 

As the use of electricity in the mines has increased, the electric 
motor for operating mining machinery has been developed much 
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more rapidly than suitable controlling devices. Only within the 
past few years have those concerned realized that the selection 
of a proper controller is as important as the selection of a suitable 
motor. Too often is the controller given secondary consider- 
ation with the result that a good motor may appear to disadvan- 
tage, simply because it is not operated with the right control 
equipment. 

At coal mines, motors are used for haulage, hoisting. venti- 
lating, pumping, coal-cutting, tipple or breaker power, drilling, 
washing, machine shop and blacksmith shop. In the design of 
electrical equipment for mines, it is necessary to carefully consider 
the following: explosive dust and gases, continuity of operation, 
voltage fluctuations and dampness. It is, of course, advisable 
to install the control apparatus in a locality which is unaffected by 
sparks or short circuits tending to some derangement of the appara- 
tus. The design, however, must be made so as to minimize leaks to 
ground, short circuits, etc., which may cause ignition of explosives, 
mine gases ог of coal dust, with disastrous results. In gaseous 
mines, arc producers such as circuit breakers, switches and sliding 
contacts of rheostats must be properly protected, either by 
breaking the arcs in oil, or by providing explosion-proof cases. 

On account of the unskilled attendants in the mines, the 
electrical equipment receives less than the usual amount of intel- 
ligent attention, while on account of the conditions of operation, 
it should receive more. Much is therefore left to the designing 
engineer to solve, but on the other hand, much could be done to 
improve conditions by the employment of a supervising electrical 
engineer at an attractive salary, whose duty it would be to see 
that better attention is paid to the care and maintenance of the 
electrical apparatus. 

From a safety standpoint, and it is the writer's understanding 
that we are to follow the slogan “ Safety First ", the mine venti- 
lating fan is the most important power-driven machine used 
within the mining district. Absolute continuity of service is 
necessary during mining operations to remove poisonous and 
explosive gases and coal dust from the underground workings. 
Mine fans are not usually installed within the mines, but at the 
mouths of the shafts. Mine fan service is, perhaps, the hardest 
duty possible for a commutator type motor. It runs continually 
at a constant load, and the mere fact that the load is constant 
prevents the motor from running light and allowing the brushes 
to polish the commutator. 
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Fan Motor CONTROL 


It is still a debateable question as to whether constant or 
variable speed mine fan motors should be used. Some claim that 
the fans should be arranged to operate at a peripheral speed of 
maximum efficiency. This means constant speed; but nearly 
everyone agrees that variable speed is practically necessary on 
the mine fan except for tunnels, subways and old workings. 
Opinions differ as to whether it is better to use mechanical or 
electrical means to vary the speed of the fan. Mechanical speed 
changing devices, such as Reeves variable speed drive are used, 
but the tendency is towards obtaining the speed changes elec- 
trically, especially when this can be done economically. Speed 
control of a direct-current motor is easily and economically 
accomplished by shunt field regulation. The speed control of an 
alternating current motor is quite a different problem. A straight 
slip-ring induction motor with control by resistance in circuit with 
the secondary is perhaps the most familiar type in this country, 
but it is open to serious objection because of the rheostatic losses 
with resultant low efficiency. The commutating-pole slip ring 
motor 1s used but very little on account of the complexity of 
construction, which arises from the necessity of eommutating 
both primary and secondary windings. The commutating-pole 
squirrel cage machine is more simple, but hardly suitable because 
of its starting characteristics. It is most advisable from a safety 
and economic standpoint to have the motor self-starting after it 
shuts down due to failure of voltage. With a squirrel cage 
motor, this is difficult to accomplish because of the flywheel load. 

The Sherbius system is one which is used extensively abroad, 
but the writer understands it has not come into use yet in this 
country. This system consists of a motor-generator set im- 
pressing an adjustable frequency lower than the line frequency 
on the rotor of the fan motor. This system is exceptionally 
efficient where the speed reduction is not great. The motor- 
generator set must have a capacity equal, in percentage of the 
fan motor capacity, to the speed reduction desired. Thus if 
25 per cent speed reduction is required, the motor generator set 
must have 25 per cent of the capacity of the fan motor. When 
a speed below normal is wanted, the motor generator set is used. 
while when normal speed is desired, the secondary of the main 
motor is short circuited after starting. With the Sherbius 
method of speed control, the losses are minimized and the effi- 
ciency is high. 
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On account of the possibility of frequent failures of line vol- 
tage there must be an attendant continually employed in the fan 
house or a self-starting controller must be installed. The auto- 
matic self-starter should be designed so as to permit the operating 
speed to be set by a proper authority. When the voltage again 
comes on the line, after failure, the controller should of itself 
cause the motor to start and resume the speed it was operating at 
when the voltage failed. This control has been accomplished 
very effectually for direct current motors. The starter is auto- 
matic and is governed by a simple snap switch. The starting 
operation is governed bv a pilot solenoid and the shunt field is 
automatically weakened to an amount corresponding to the set- 
ting of the field rheostat lever. An example of this type of con- 
trol is shown in Fig. 1. The speed-sctting field rheostat is 
shown on the center left hand side of the board. The controller is 
equipped with a voltage relay so arranged that when the voltage 
drops below a predetermined value, the relay drops its plunger, 
thereby opening a circuit causing all of the starting resistance 
to be inserted in the armature circuit. The motor then runs at a 
reduced speed until the voltage again becomes normal, when the 
voltage relay establishes a control circuit which causes the start- 
ing resistance to be cut out, again allowing the motor to run at 
the proper maximum speed. The reason for re-inserting the 
starting resistance on low voltage 15 to guard against “ flashovers ” 
at the motor brushes, when the voltage suddenly jumps back 
. to normal. Ап overload relay is also provided and is especially 
recommended for shunt wound motors. "This is connected to 
momentarily open the motor circuit and prevent * flashovers ” 
when the line voltage falls abruptly and the motor tends to feed 
into the line. With compound-wound motors, the overload 
relay 1s not essential because the series winding weakens the field 
when the motor acts as a generator. All of these complications 
in control could be avoided by the installation. of separate 
feeders for the fan motor, or lines of such capacity as would 
minimize voltage fluctuations, and 1t is questionable whether the 
more or less complicated control is justified under these conditions. 

Since moisture and dirt are so prevalent in the locality of coal 
mines, both the control pancl and grid resistance are treated 
with a special moisture-repelling and insulating compound, 
corrosive bearings are eliminated and all parts necessarily made 
of iron or steel are enamcled or copper plated. 
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Pump Motor CONTROL 

Mine pumps are gencrally installed directly within the mine, 
because otherwise the suction head would be prohibitive. The 
pumps are usually of small capacity and should be operated by a 
self-starter with a float switch in the sump, or arranged to run 
continuously. The starter should be designed for automatic 
acceleration of the pump on resumption after failure of line 
voltage. 

Gencrally speaking these pumps are placed some distance from 
the mine workings and therefore explosion proof motors and con- 
trollers are unnecessary, but it is difficult to design electrical 
apparatus which will stand up under severe moisture condit’ons 
prevalent. A typical pump motor starter for direct current 
arranged with a voltage relay for protection of the motor against 
severe voltage fluctuations, is shown in Fig. 2. The starter is 
specially designed to guard against corrosion and electrical 
lcakages by using non-corrosive metals and by liberal application 
of an insulating varnish which hclps to prevent short circuits as 
well as to keep moisture from the iron parts necessarily present 
for magnetic purposes. 

An encased, moisture proof starter is shown in Fig. 3. This 
is an equipment especially adapted to installations within the 
mine, evcn in locations: where arcing is dangerous, because it is 
equipped with a cast iron case, the cover of which is clamped 
down on a soft gasket, making the case air tight. The leads are 
connected to terminals and a special trough 1s cast in the en- 
closing box in which is poured a scaling compound covering the 
junction of the leads and the terminals. At the right-hand side 
of the box, facing it, is a handle which closes and opens the ser- 
vice switch. The acceleration of the motor is accomplished by 
limiting the current peaks with series wound switches. 

It might be well to mention here the rather interesting alter- 
nating-current controller shown in Fig. 4. This is a 125-h.p. 
2200-volt, three-phase, 60-cycle automatic starter for a slip ring 
motor. The starter is “ explosion proof " and is mentioned for 
this reason. The switches are magnetically operated and the 
circuits are made and broken under oil. The interior of one of 
the oil switches is shown in Fig. 5. This controller was installed 
in the Homestake Mining Co.’s gold mine at Lead, S. D. The 
outfit starts a pump automatically from a float switch. The con- 
trol circuit is stepped down to 220 volts so that the float switch 
does not have to handle the high voltage. 
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LOCOMOTIVE CONTROLLERS 


A subject which is occupying much thought among coal 
mining engineers is the mine locomotive. The tendency is to 
eliminate the overhead trolley where there are low ceilings. This 
may be done either by the use of a trailing cable, kept taut by a 
tension rcel, or by the use of storage battery locomotives. The 
trailing cable was not very popular until the automatic motor- 
driven cable takc-up was developed. Without this device the 
dragging cable was always in the way. The motor driving the 
cable take-up is connected across the line in series with a step of 
resistance. When the cable is to be hauled in, the motor winds 
it up, and when paying out is required the cable overhauls the 
motor. 

On account of the difficultics attending the use of trailing 
cables, it would scem that the coming mine locomotive, when not 
in main entries, will be opcrated from a storage battery carried 
on the locomotive. The present trouble with storage battery 
locomotives is the necessity of laying them up for charging or of 
having two sets of batteries and charging them at intervals. The 
battery must be carefully watched and attended. If the bat- 
teries could be automatically charged’ without delay, the useful- 
ness and reliability of the storage battery locomotive would be 
materially increased. This may be accomplished by the use of 
an automatic reverse current cutout, so arranged that when the 
locomotive picks up the trolley, the battery will be automatically 
put on charge. If, however, the line voltage is for any reason 
lower than the battery voltage, the battery will be automat- 
ically cut off from the linc. The same applies when the line 
voltage fails, so that the battery will not be discharged into the 
linc. Inthis way the same locomotives may be used for gathering 
and hauling trips. This will result in the battery frequently 
receiving a boosting charge. The nickel-iron battery, which 
seems the most popular for mine locomotive work will show its 
maximum efficiency when so charged. 

Manually operated drum controllers are almost universally 
used for mine locomotives. These are usually of the series 
parallel type and there are two prevailing styles, each of which 
has its advocates. The first operates the same as a standard 
street railway drum which has two levers, one reverse and one 
for accelerating. The other style also has two levers as above, 
but the reverse lever has two positions each side of the “ой” 
position, one for motors in series and the other for motors in 
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parallel. This latter scheme is advantagcous becausc it is easier 
to get straight series only, during gathering. 

Rheostatic drum type control is sometimes used for under- 
ground haulage engines. А typical drum controller for this 
service is shown in Fig. 6. 

For slope mines, the winding drum for haulage is generally 
installed in the tipple and whole trips of cars are hauled up at 
once. These winding or mine haulage machines are usually 
alternating-current motor-driven with secondary control, either 
by mcans of a sccondary resistance drum or by means of a liquid 
rheostat. It is sometimes advantageous to be able to change 
gears for pulling strings of cars in from the sidings. There has 
been a tendency of late to put in safety cut-offs so that the cur- : 
rent to the motor is interrupted before the cars get to the top. 
Variable inertia plays an important part in the stopping point, 
and in fact, the variable stopping point sometimes becomes so 
annoying that a flyball-governor limit switch in addition to the 
ordinary limit switch is installed, so connected that if the speed 
is high the governor allows the first limit switch to trip. If the 
speed is low, the first limit switch is “ shunted " by the governor 
and the haulage may continue until the second limit switch is 
engaged. 

Hoist CONTROL f 

A straight vertical hotst is used to a limited extent. Almost 
invariably this type of hoist can be best electrified by the use of 
the variable-voltage system, because the hoists are short and 
therefore acceleration is an important consideration. А fly- 
wheel is used to store the energy for acceleration. Even with 
this arrangement, electrification is in many cases of questionable 
economic value. 

A diagram of an equalizer hoisting set is shown in Fig. 7. The 
hoist is driven by a shunt-wound, direct-current motor, the motor 
receiving its energy from a motor-driven generator. The motor- 
generator set has a heavy flywheel which absorbs energy when the 
load falls below a certain value and gives up energy when the load 
is above this value. The speed and direction of rotation is 
governed by changing the field of the generator. When the 
generator field is weakened while the motor 1s in operation, the 
motor operates as a generator and the generator as a motor, thus 
delivering energy to the flywheel and giving a dynamic braking 
effect on the hoisting mechanism. Where ап alternating-car- 
rent motor is used to drive the generator, the liquid rheosiat 
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gives very good regulation. "The three phases of the rotor are 
connected to three stationary plates in separate earthenware 
pots. Above the stationary plates are connected together three 
movable plates. These are nearly balanced by an adjustable 
counterweight, the movement of which is controlled by a small 
induction motor. The small motor receives its energy from 
series transformers in the main line of the large induction 
motor and thus the current in the two motors is proportional. 


FR Mr 
or - 


' 
i 
[—kCovnlermeig^? 


Water --- N 


Rheostat i Controller 
I Ë , -"From Line EET i: H „== 
Пт 94 ЗІ 
E А ra ® 
берт fT THI | BS 
ЕЛІНЕ 32 
g8 LLL SZ 
= ET |] ---—--- > 
t A L-1 | ñB = 
AEO ] 
ЕЁ T MA Trans. — 
S с | 100 
s= | | I 
> R] 
iss 
RR š 
s^ š 
BL è 
45) : Y І 
Ш = ed 
| | 4 
MOTOR-GENERATOR EXCITER HOIST MOTOR 
125 V. 
Fic. 7 


If the main motor takes morc current than it should (depending 
on the adjustment) the small motor takes more current and 
raises the counterweight, thereby separating the plates of the 
liquid rheostat and increasing the resistance in the rotor circuit. 
This decreases the speed and permits the flyweel to give up 
some of its stored energy 

One case where the efficiency of a vertical hoist was greatly 
increased by the use of electricity is shown by a change made at 
the Berwind White Company's mine at Windber, Pa. It was 
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found impracticable to change the shaft to take care of a larger 
elevator with more sidings for loading, and an increased capacity 
of the hoist was necessary because of the increasing production in 
the mine. A magazine hoist was installed, having a cage with four 
decks. These decks are loaded by a similar auxiliary cage 
within the mine. The loading cage is operated by an electric 
motor and controlled by a simple master switch, so that each of 
the four decks are brought in succession to the level of the track 
in the main entry. After the loading cage is full, the cars are 
run onto corresponding decks of the main magazine hoist and 
are lifted out of the mine. 


MACHINE CONTROL 


Coal cutting machines are controlled by a plain hand starter 
fully enclosed. The simpler and more substantial this starter, 
the better. "There is a tendency to design motors for coal cutting 
which may be thrown directly across the line to start. The 
, writer believes this 1s a step in the proper direction, because then 
the control may take the form of a simple hand switch, preferably 
oil immersed. 

The control of an electric punch, or drill is usually a straight 
hand starter and the more simple this is the better. 

An important consideration in mine electrical appurtenances 
is the terminal box. This is used wherever a motor has trailing 
cables and should be so arranged that putting the plug in the box 
will close the circuit in oil. An overload should be supplied, 
which when it trips, will throw the plug out. 

To sum up the situation, mine controllers are just as important 
as the motors themselves and the control equipment should 
receive more thoughtful consideration if our electrical mine in- 
stallations are to prove successful. 
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SOLENOIDS 


BY CHARLES R. UNDERHILL 


ABSTRACT OF PAPER 


Maxwell’s law for the attraction between the halves of a bar 
electromagnet is not correct for electromagnets of the plunger 
type with air gaps between the cores because the flux in the cores 
is, to a large extent, independent of the reluctance in the air gap 
on account of the magnetic leakage from the inner end of either 
core back to the other end of the same core. 

In this paper, only the characteristics of direct-current electro- 
magnets are discussed. An attempt is made to show the correct 
law of attraction for tractive electromagnets and to calculate the 
value of the magnetizing force at any point along the axis of any 
solenoid. Test characteristics are given to support the theories. 

The work done by an electromagnet of the plunger type in 
closing its air gap is largely proportional to the length of the air 
gap, although, when the reluctance of the air gap and the total 
m.m.f. are of low value, the law of Carichoff is approximately 
correct for the total attraction. 


HE EXTENSIVE use of electromagnets of the plunger type 

has caused the details of their design to become increasingly im- 
portant. "They are frequently divided into two classes; viz. long- 
range and short range. The equations in common use for cal- 
culating the static pulls due to short-range electromagnets, while 
more or less satisfactory for relatively short air-gaps, since the 
pulls are usually greater than calculated, are not applicable for 
predetermining the pulls when the air gaps are relatively long. 
In this paper, the static pull is always meant. 

А general equation is desirable, by means of which the pulls 
may be predetermined for any type of movable-core electro- 
magnet, whether or not it is provided with either a frame or 
stop, or both. Such an equation would be applicable to electro- 
magnets designed to operate on either alternating or direct cur- 
rents, after the mean effective values of the m. m. fs. which pro- 
duce the pull had been determined at points throughout the range 
of travel of the plunger. The shapes of the mean effective pull 
curves for alternating-current electromagnets would naturally 
differ from those for direct current, owing to the different values 
of the m.m.fs. at corresponding points throughout the range of 
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travel, but the general law for the mean effective pull for a given 
m.m.f. would be the same in both cases, after making corrections 
for iron losses* 

In this paper, only the characteristics of direct-current electro- 
magnets are discussed. The voltage across the windings and the 
current strength are assumed to be at constant value, in any 
given case, and the plungers are assumed to be at rest; so that 
itis not necessary to consider the effects of self-induction which 
are in evidence in alternating-current electromagnets and also 
in those operating on direct current when the plunger is in motion. 

The fundamental equation of Maxwell, 
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Fic 2. —MAGNETIC FIELD OF SOLENOID 


for the attraction in dynes per sq. cm. docs not apply, either 
directly or tacitly, to the case of a soicnoid-and-plunger only, or to 
plunger electromagnets with relatively long a'r gaps. 

The familar analysis of Maxwell’s equation 1s here given. The 
magnetic induction B consists of two components, 4 т I (I being 
the intensity of maynetization in the iron) and the magne- 
tizing force H. Hence 


B -4mI + II. (2) 


Substituting (2) in (1), 


Н? 
= 2 Poo 
P, = 2т + IH +2, © 


——— — Gea 


*Sce “ Alternating-Current Electromagnets,” Electrical World, Vol. 63 
No. 5, p. 260 (1914). 
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which is the equation for the attraction in dynes per sq. cm. be- 
tween the two halves of a bar electromagnet separated at its 
middle at right angles to the axis of the core, but perfectly joined 
magnetically; hence there is assumed to be no leakage from the 


Fic. 3—FiELD OF BAR PERMANENT MAGNET 


ends of the abutting half-cores back to the opposite end of 
the same half-core, as shown in Fig. 1. 

Conventionally stated, the attraction between the ends of the 
iron half-cores is 27/2; ІН is the attaction between the half-coil 
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Fic. 4-Вак ELECTROMAGNET WITH DIVIDED CORE 


IP. ; | 
and half-cores, and q 18 the attraction between the half-coils 


which is not available in a single coil as commonly used in practise 
and is, thercforc, neglected. 

In Figs. 2 and 3 are shown the fields of a solenoid and a bar 
permanent magnet respectively. The following assumptions 
apply to Fig. 4, which shows the field of a practical bar electro- 
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magnet: The core is cut across at the middle but the joint is as 
perfect magnetically as though the structure was solid; the coil 
is uniformly wound 1n layers; the complete core fits closely inside 
of the coil, but either half can be moved, without friction, along 
the horizontal axis of the coil. 

When spring balances are attached to the protruding ends of 
the half-cores, and the coil “ floats " around the complete core, the 
pull required to separate the two half-cores is 2 т F+ IH, since 
the coil is not divided. Now, as soon as the two half-cores are 
separated, Maxwell's law no longer holds bccause what before 
was a single clectromagnet has now become the equivalent of 
three electromagncets. This is clearly shown in Fig. 5. Each 
half-core now has a field like that of the permanent magnet in 
Fig. 3, and the air gap has a similar magnetic field. The total 
m.m.f. is now divided into three components, so far as the condi- 
tions inside of the core of the coil are concerned, and this is the 
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Fic. 6—PLUNGER ONE-THIRD IN Fic. 7—PLUNGER Two-THIRDS IN 
SOLENOID SOLENOID 


basis of the doctrine of the effects of magnetic leakaye in electro- 
magnets of the plunger type, which is of great importance іп 
continuous-current clectromagnets but of paramount import- 
ance in alternating-current electromagnets. 

Figs. 6 and 7 show the conditions which exist when a single core 
or plunger is inserted different distances within the coil. The 
density of the flux within the solenoid is assumed to be always 
the same at a given point, and is greatest at the middle of the 
coil along the horizontal axis. The position of maximum struc- 
tural flux density of the plunger is always, approximately at 
least, half way between the inserted end of the plunger and the 
end of the coil at which the plunger enters. This is apparent in 
Fig. 5. When the middle of the plunger is at the middle of the 
coil, the two magnetic fields coincide and force is required to 
move the plunger in either direction. 

When two plungers are placed within the solenoid, as in Figs. 
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9 and 8; spring balances are attached to the protruding ends, and 
the balances moved in the direction of the arrows, with the coil 
** floating " on the plungers, the pull as measured on either bal- 
ance is the total pull which can be obtained with either plunger, 
since one pull is active and the other is reactive. "The coil merely 
acts as a connecting link between the plungers. "There is, how- 
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Fic. 9—SOLENOID WITH ONE PLUNGER Fic. 10—ONE OF THE PLUNGERS 
FIXED IN POSITION . IS OMITTED 


ever, some attraction between the ends of the plungers, but this 
is slight when the air gap is so long. "Therefore, omitting the 
attraction between the inner ends of the plungers, it makes no 
difference whether the conditions are as in Fig. 8; in Fig. 9, where- 
in one plunger is rigidly fastened to the coil, or as in Fig. 10. 
wherein one of the plungers is omitted entirely. 

In any case, the attraction 
that draws the plunger within 
the coil is the product of the 
average intensity of magnctiza- 
tion within the structure of the 
plunger and the average mag- 
netizing force within the sole- 
noid. This is found true by 
actual test and can be proved 
Fic. 11--Вотн PLUNGERS WORK- on the principle of work by 

шаны assuming the pull to Бе constant 
throughout the range or distance of travel of the plunger. 
Im Fig. 8, either plunger, when acting separately, can do plunits 
of work, wherein $ is the pull. The same holds true for the con- 
ditions in Figs. 9 and 10. When both plungers act together, the 
work done is 2р1,, as illustrated in Figs. 8 and 11, but the work 
done in both cases is the same. In Fig. 11, the two plungers can 
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lift the weight W equal to 2p, but only through a distance l, 


which is equal to -т- Hence the attraction or pull between 


a solenoid and plunger is 
Ps = I H. (4) 


The magnetizing force at the center of a solenoid whose length 
is great as compared with its average radius 15 


0.4 rin 
e (6) 


wherein 7 15 the current in amperes; n 15 the number of turns in 
the solenoid, and L 1s the length of the solenoid in cm. 

The magnetizing force at any point on the horizontal axis of 
any uniformly wound solenoid is 


_ 0.2тіпћ 


I (6) 


H 


wherein й is the coefficient of magnetizing force which is propor- 
t'onal to the length and average radius of the solenoid. 


Let -` oe = 4 m I, (7) 


whercin ф; 15 the structual flux in the plunger and .5 is the cross 
sectional area of the plunger in sq. cm. 


_ Gi 
Then LS (8) 


Substituting (6) and (8) in (4), 


_ Gi ink 
fu 2051, (9) 
The pull in dyncs is 
Pie | (10) 
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Substituting (10) in (9), 


E ф; 1 nh 
Pa = OUL — (11) 
The attraction in kg. is 
Duas dit nh фїп bh (12) 


20x981,000L 19,020,000 L 


The approximate valucs of the cocfficient of magnetizing 
force h are found in the manner described below. The solenoid 
is assumed to be in the form of a hollow cylinder and to consist 
of a series of hclices of conducting material wound at right angles 
to the horizontal axis. The method is based on the well known 
equation for the magnctizing force H due to a single turn of the 
conductor in which current is flowing, as measured along the 
horizontal axis of the turn. 

The expression is 


0.2 71 B 


(r х)" 


H = (43) 


wherein r is the average radius of the conductor as measured 
from the horizontal axis to the center of the cross section of the 
conductor, and x is any point on the horizontal axis in either 
direction, as measured from the vertical axis; r and x are 
measured in cm. 

S. P. Thompson* has shown a graphical method for deter- 
mining the values of H along the horizontal axis of a solenoid, 
which consists of plotting the II curve for each turn and then 
adding the ordinates of all of the curves together. The first 
curve is due to a single turn, while the adjacent curve represents 
the magnetizing force due to a second turn, one centimeter from 
the first, plus that due to the first turn. This general idea 15 
carried out throughout the rest of the figure. Both sides of each 
curve are exactly similar. Taking the maximum value of H for 
a single turn as unity, the maximum value of H at the middle of a 
solenoid consisting of an infinite number of turns would be two. 

For the purpose of this paper, the values of # have been cal- 


“Тһе Elcctromagnet, p. 248. 
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culated for certain points, and curves drawn through these points 
from which any value of H may be found. The method consists 
of dividing the length L of a solenoid by its average radius r and 
designating the quotient, or the number of sections, by m; each 
section being considered in the same manner as each single turn 
in the method described above. 
Then 
=. 
т = y (14) 


The magnctizing force at the center of any one section without 
any other section near it is 


0.2717 


Wiper ug (18) 


wherein л; is the number of turns in one section. 
At any distance x, as measured in section-lengths on the hori- 
zontal axis from the center of the section, 


H, = 0.2m in, — — (16) 
(r: + xb 
Let 
EN EE E = He 
а (ағу OR REM, (17) 
and h, = qr (18) 


Then at any distance x on the horizontal axis, from the center 
of the scction, 


т" 
йа = з (19) 
(2 + xy 
while at the center of the section, ig = 1 
But X = r M; (20) 


wherein эж; is the distance in section-lengths from the center of 
the section. 


Therefore h, = (1 + my): (21) 
Let a represent the section of reference, m, the number of 


scctions to the right of a, and m, the number of sections to the 
left of a. (See Fig. 12). 
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Then 


My т, 
h= X) ht Уһ 1 (22) 
1 1 


К H. r 
That is, h represents the sum of all of the values of TOY PP" at 
. $ 
the center of the section of reference. 
The equation for В at the center of either end-section may also 


be expressed 


| m-l 
h = > h 1 * 
1 
те 
| l 
gr a aa үтен 
E 4—L73 
EM ETEA A DNE 
[ 
Mp*1' Mp=2 | 
M=5 7 PHANTOM | 
REAL SECTIONS SECTIONS 
Fic. 12 


For points outside of the solenoid, on the horizontal axis, at 
the center of any ‘‘ phantom " section, 


m+mp—1 


Е 2 ha (24) 


wherein my is the number of the phantom section. 
Likewise the value of h at points midway between the centers 
of the sections may be found by an equation 


ті – .5 
»i "a (2) 


wherein т, and m; are the number of whole sections to the right 
or left, respectively, from the chosen points of reference. 
The equation for the phantom sections, or those points outside 


of the solenoid, is 
к= Уһ (26) 
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Sabstituting (17) and (18), 


H.r 
By definition 
h = 2 he (28) 
Therefore 
Hr 
| aS 0.274 Ns (29) 
whence 
I = 0.2 T: ns h (30) 
The number of turns of conductor in one section is 
_ n 
Са (31) 


wherein z is the total number of turns іп the solenoid and m is the 


number of sections. 
Substituting (14) and (31) in (30), 


0.2T:1nh 
(6) асгана 


When А reaches its maximum value of 2, as in a solenoid whose 
length is great as compared with its average radius, the magnet- 
izing force at the center is 


0.4 711 
(B) Ші L 


In Table I, the column marked ms represents the number of sec- 
tions from the section of referencca as measured in either direction. 
The section of reference is not counted. The column / indicates 
the values corresponding to ms as calculated bv equation (21) 


ms 
while in the column marked 2 ha are given the sums of А, cor- 
1 


responding to the values of ms. The value of ha for the section 
of reference is one. It is seen that the series of he converges 
rapidly. 
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In Table II, which shows the values of h, m is the total number 
of sections in the solenoid and a is the number of the section of 
reference as counted from either end of the solenoid; 1 is an end- 
section; 2, 3, 4, 5 and 6 are middle sections when m is 3, 5, 7,9 
and 11 respectively. 


TABLE II. Values of В. 


Sec. of 
Ref a 1 2 3 4 5 6 
т 
1 1.000000 
2 1.353560 
3 1.443003 1.707120 
4 1.474626 1.796563 
5 1.488893 1.828186 1.886006 
6 1.490436 1.842453 1.917629 
7 1.500879 1.849996 1.931896 1.949252 
8 1.503707 1.854439 1.939439 1.963519 
9 1.505615 1.857207 1.943882 1.971062 1.977786 
10 1.506902 1.859175 1.946710 1.975505 1.985329 
11 1.507947 1.860522 1.948618 1.978333 1.959772 1.992872 


With 11 sections, the limit two at the center of the solenoid 
is approximated. If any solenoid be bent into the form of a ring, 
h will have a value of two at any point along what was formerly 
its horizontal axis. 

Table III is similar to Table I but shows the values of h for 
points midway between the centers of the sections. Fig. 13 
shows the method of finding the values of h at other points be- 
tween the centers of the sections. In this figure, m = 3. 


| 
I 
Qu uve Oe оо 
КЕЗЕ б, 46 o oa ! 8 аза, Í| ү ба 9 у єє | + ! 
' j e 04 ба 3 + t боз C" i d l II ^,» b 4 
oe А 
' i боа ' “ор ко f к 4.4 4 t 4 к CI 34» —'4' 5 h 
(pacata а dus 
25 2 25 22 21 20 19 18 UI É 4 Е НЛО 09 06 91:96 05 00.03:02 0/9 05:060 COUNT 
1 


- M*3. ñ,;(D еіс. аге the distances in section -leng!Ihs from Q 


Fic. 13 


The curves marked л іп Fig. 14 to 24 inclusive have been pre- 
pared from the above equations and tables. The peaks of the 
h curves in Figs. 16 and 17 are slightly irregular owing to the use 
of points calculated for the half-sections. In Figs. 18 to 24 in- 
clusive, only points forwhole sections were used for the peaks. 
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TABLE IV 

ms ha т; ha 
0. 1.000000 ` 1.1 .304377 
0.1 .985185 1.2 .262372 
0.2 .942866 1.3 .226655 
0.3 ‚878740 1.4 ‚196364 
0.4 . 800411 1.5 .170677 
0.5 . 715542 1.6 . 148876 
0.6 .630509 1.7 . 130339 
0.7 ‚549820 1.8 ‚113738 
0.8 .476140 1.9 .101029 
0.9 .410660 2.0 .089443 
1.0 .353560 


The coefficient of m.m.f. for the plunger circuit is fp. Its 


value is 
lp 


Љ= | hdl, (32) 


e 
x 


wherein /, is any distance along the horizontal axis of the sole- 
noid (abscissas in the figures). In this paper it represents the 
point at which the inserted end of the plunyer rests. 

The lp curves were obtained directly from the h curves by 
integrating with a planimeter from the extreme left-hand point 
of each curve. 


1.0 So теп йі 

o LIE. 

0.6 12 
s че. 


атаар е гасб ов 
PHANTOM SECTIONS SECTION PHANTOM SECTIONS 
Mel 
Fic. 14 


In each of the above figures, the maximum value of fp ap- 
proaches the limit 


Jma = 2m (33) 


wherein m is the number of sections in the solenoid. The total 
m.m.f. is, of course, equally divided on each side of the center of 
the solenoid. 

A convenient method of analyzing the action of a solenoid- 
and plunger is to think of the plunger as having been inserted 


Р 
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(from the left in the figures) for a given distance, say to the middle 
of the solenoid, and then conceiving the m.m.f. as consisting of 
two components, one of which produces the magnetizing force 
to magnetize the plunger while the other component produces the 


СЕ 
ЕНГЕН 
Ж ЙЕР ГНИ ЖШ ИНЕ 


1.6 


06 1.5 
ы Жай ATN B 
К Д ЖИЕ 
5 2 J | 2 5 4 5 6 
PRATO SECTIONS REAL PHANTOM SECTIONS 
SECTIONS I 
M= 2 
FiG. 15 


magnetizing force to coact with the flux in the plunger and thus 


cause attraction. 
The value f, bears the same relation to the m.m.f., Fy, that h 


bears to the magnetizing force. Therefore, 
Ер -0.2т:4п/), (34) 
ee ИИ! 


(mwa s 4k See 
EENEEEEVNNEN 


ЖЕГЕ ТД 
ees |e АЕ ЖИЕ 
КЕШЕ 


b 


5 4 5 2 | 2 3 1 2 
PHANTOM SECTIONS REAL ME RUN PHANTOM SECTIONS ° 
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Hence, at the middle of any solenoid, the m.m.f. available to 
magnetize the plunger is but one-half of the total while, at other 
points along the horizontal axis of the solenoid, the values of 
f» are to be read from the curves. 
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'The magnetic circuit of the plunger may be considered as con- 
sisting of that portion of the plunger which is inserted into the 
solenoid and the surrounding air or non-magnetic region between 
the inserted end of the plunger and the end of the solenoid at 


0 = she pto D PNE 

. 4 у 2 11 ? 5$ 4 V 2 3 4 5 6 

PHANTOM SECTIONS REAL SECTIONS PHANTOM SECTIONS 
М: 4 

Fir. 17 


which the plunger enters. Actually, the flux enters or leaves the 
protruding plunger over the entire area of that part of the plunger. 
Practicallv, it is convenient to assume that it enters the plunger 
between a point, equal to one-half of one section-length from the 
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end of the solenoid at which the plunger enters, and the middle 
of the plunger. This makes it possible to consider the point lp 
as being at the center of the section of the same number as the 
point. Thus, at the center of the third section from, say, the 
left-hand end of the solenoid, /, = 3. 
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As the plunger passes into the solenoid, the iron flux фу, which 
is equal to S (B — H), increases and the pull, for a constant value 
of H, will increase directly with ф; until saturation is attained. 
Thereafter, the pull 


ЕСІР" те 
(12) Р = -1969 т, Х10 


will remain constant. 
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After the plunger is saturated, the pull will vary directly with 
Н = inh. That is, the pull will be 


_ HS(B-H) 


—4 
P-—ieL X! 


(96) 


The plunger or iron flux ó; may be called the average effective 
flux. | 

One portion of the plunger m.m.f. is required to overcome the 
reluctance of the plunger, and the other portion forces the flux 
through the air from the inserted end of the plunger to the end 
of the solenoid at which the plunger enters. 

This leads to the problem of ascertaining the reluctance of the 
air-return circuit. The mean length of this portion of the plunger 
circuit is somewhere between 0 and о while the cross section is 
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infinite. It is difficult to obtain accurate experimental data 
owing to the fact that the plunger is not uniformly magnetized 
but may be saturated at or near the middle of that portion within 
the solenoid with lessening degrees of magnetization on either 
side of this point. 
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The average reluctance of the air portion of the plunger cir- 
cuit is the difference between the total average reluctance of the 
plunger circuit and the reluctance of the plunger. 


F, lyr 


БЕ т) (36) 
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wherein ф; is the total flux in the plunger circuit, ], is the length 
of the plunger, in section-lengths, inserted into the solenoid, S 
the cross-sectional area of the plunger is sq. cms., апа y; the 
average permeability of the plunger. 

In Fig. 25 are shown the test characteristics of an eleven- 
section solenoid 30.5 cm. long and of 2.76 cm. average radius. 
The plunger was of Swedish iron 6.45 sq. cm. in cross section and 
one meter is length. ' The two dotted curves represent the values 
of h plotted to such scales as to be readily compared with the 
corresponding pulls. 
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The average plunger flux is calculated from these data by 
rearranging (12). Then 
PL 
inh 


ф; = 1962 x 10 


(87) 
Fig. 26 shows the calculated values of © plottedagainstpoints 
representing the centers of the sections of the solenoid. The cal- 


culated values of A are also plotted in Fig. 26. The average 
і 
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air reluctance can only be calculated from the test data below 
saturation. The slopes of the curves indicate that the total 
reluctance below saturation is less than 0.1 oersted. 

The calculated flux-densities аге necessarily, only averages. 
Owing to the relatively low calculated reluctances with the lower 
m.m.fs., it is evident that the inserted plunger may be highly 
saturated at and near the middle of that part inserted. As the 
m.m.f. is increased, a greater portion of the inserted plunger be- 
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comes highly saturated; but the entire inserted portion will not 
be uniformly magnetized, owing to the leakage from all parts of 
its surface. 

Under these conditions, the average reluctance of the plunger 
might be in excess of that of the air-portion of the magnetic cir- 
cuit. In the case of the eleven-circuit solenoid, the length of the 
coil was 30.5 cm. The cross-sectional area of the plunger was 
6.45 sq. cm. The reluctance of that portion of the plunger 
inserted into the entire length of the solenoid would, therefore, 
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be 4.73 oersteds with unit permeability. With an average 
permeability of 20, the average reluctance would be 0.237 
oersted, exclusive of that of the air-return circuit. 

Fig. 27 shows the results of a test of a five-section solenoid of 
3.5 cm. average radius. The plunger was of cold-rolled steel 
11.4 sq. cm. in cross section and approximately 25 cm.long. The 
length of the solenoid was 17.8 cm. Fig. 28 shows the calculated 
flux-densities and reluctances. This figure shows lower total 
reluctances owing to the greater cross-section of the plunger. 

The reluctance of the nonmagnetic region surrounding a plunger 
mustbenearly constant throughout the entire travel of the plunger 
because the leakage area of the plunger increases directly with 
the distance that the plunger is inserted into the solenoid. This 
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leakage surface is directly proportional to the diameter of the 
plunger. The diameters of the plungers used in the tests of the 
eleven-s ction and five-section solenoids were 2.8 cm. and 3.8 cm. 
respectively. Hence, the ratio of the reluctance of the surround- 
ing air-spaces should be as 1 to 0.74. Taking the air reluctance 
of the five-section solenoid as 0.06 oersted, that for the eleven 
section solenoid should be 0.081 oersted. The air reluctances are 
probably lower than assumed. 

In Fig. 29 are shown the calculated characteristics of the five- 
section solenoid, the assumptions being that the total reluctance 
of the plunger circuit has a constant value of 0.06 oersted and 
that the limit of the average structural flux density is 17,000. 
The calculated flux densities are shown in Fig. 30. 
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Fig. 29 compares favorably with Fig. 27, excepting that the 
maximum pull due to 15,000 ampere-turns is in excess of the test 
data. and the maximum pull due to 20,000 ampere-turns occurs 
at a point somewhat to the left of the point observed in the test. 
This is largely due to the straight-line magnetization curve as- 
sumed as in Fig. 30. It is to be observed that the pulls at other 
points on the curves compare favorably with the test data, prov- 
ing that the reluctance of the air-portion of the magnetic circuit 
must be low. 
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Fig. 31 shows the calculated characteristics of the eleven- 
section solenoid. "The assumptions are the same as those used 
in the calculation of the five-section solenoid, excepting that the 
assumed constant reluctance is 0.081 oersted. The calculated 
flux-densities are shown in Fig. 32. 

The remarks regarding Fig. 29 apply to Fig. 31 also. Тһе pulls 
do not become at a maximum at the same points as in the test 
curves and there is some variation in these pulls. The former 
is to be expected with a straight-line magnetization curve from 
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zero to saturation. The reluctances of the plungers vary with 
different degrees of magnetization and the saturation points of 
the plungers, as well as constant reluctances, are assumed. The 
test data indicate that the total reluctance varies with the m.m £f. 

The effects of the apparent reaction which takes place as the 
magnetic center of the plunger approaches the magnetic center 
of the solenoid, are evident in Fig. 28. As is well known, all 


relative movement ceases when these two points coincide. In | 


these tests, the plungers were considerably longer than the sole- 
noids. 
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Figs. 27 and 29 illustrate the action of a solenoid-and-plunger 
very nicely. When the flux density in the plunger is low, the 
rnaximum pull may occur at a point near the end of the solenoid 
Opposite to that at which the plunger enters, whereas, with high 
flux. densities, the maximum pull may occur when the inserted 
end of the plunger is at the middle of the solenoid. The pull 
cannot be at a maximum at points between the middle of 
the solenoid and the end at which the plunger enters, although it 
may be nearly uniform for equal distances on both sides of the 
middle, in cases of long solenoids. In cases of very short solenoids 
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the maximum pull may occur at points outside of the solenoid 
at the end opposite to that at which the plunger enters. 

Owing to the low reluctances of the plunger circuits of this 
type of electromagnet, the equation: 


_ $ 
hi BTS (38) 


- cannot be applied to predetermine the pull due to plunger electro- 


magnets, excepting for zero air gap. Equation (38) is not general 


but is for the attraction proportional to ( B- H )? between the 
plunger and the stop only. On account of the leakage from the 
end of the inserted plunger back through the air and frame to the 
end of the solenoid at which the plunger enters, when there is an 
air gap, the flux densities in the plunger may be much greater 
than assumed, when the assumption is that nearly all of the 
flux passes through the air gap. 

The magnetic circuit of an iron-clad stopped solenoid, or plun- 
ger electromagnet, consists of more than one path. The m.m. 
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forces flux through the air gap but it also forces another flux from 
the end of the plunger through the air and frame and back to the 
opposite end of the plunger. This latter flux produces a relatively 
strong pull whether any flux passes through the air gap, between 
the plunger and the stop, or not. "There are, therefore, two sep- 
arate and distinct actions to be considered, viz: the pull due to 
the flux density, B — H, in the air gap and the pull due to the flux 
in the plunger coacting with the magnetizing force due to the 
ampere turns in the solenoid. | 

One of the assumptions upon which Maxwell's fundamental, 
equation is based, is that there is no air gap whatsoever between 
the abutting ends of the hypothetically-separated core of the 
bar electromagnet. Hence Maxwell's equation was not intended 
for tractive electromagnets. "The conditions imposed by Max- 
well clearly indicate that no work can be done by such an elec- 
tromagnet. It is further assumed that the magnetic circuit is 
identical with that of a bar electromagnet; that is, that the ` 
flux is equally distributed on each side of the middle of the hy- 
pothetical zero air gap and that there is no leakage whatsoever 
from the abutting ends of the half-cores back to the opposite 
end of the same half-core. 

Therefore, the conditions imposed for the application of 
Maxwell's fundamental equation (38) are entirely different from 
those met with in tractive electromagnets; particularly that type 
known as the plunger electromagnet. 

In the application of equation (38) it is customary to add to- 
gether the reluctances of the air gap, plunger, stop, frame and the 
non-magnetic joint between the plunger and the frame where the 
former passes through the latter. The total m.m.f. is then 
divided by the total reluctance and the resulting flux is assumed 
to be the total flux in the magnetic circuit, and to be the same in 
the air gap as in the plunger and stop. Allowance for leakage is 
seldom made because the pulls, with moderately long air gaps, are 
usually found to be in excess of those calculated. The total 
flux divided by the cross sectional area of the plunger is called 
the magnetic induction B in the plunger and this value is also 
usually assumed for the flux-density in the air gap. When the 
reluctance of the air gap is cqual to the sum of the reluctances 
of the rest of this single magnetic circuit, the maximum amount 
of work is assumed to be obtainable, when work is defined as 
initial pull X length of air gap. 

The total pull, by Maxwell's equation (3), as modified by 
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neglecting the last term of the right hand member (which is not 
available in a solid coil), is 


P,—-2m-TDP-FIH (39) 
in dynes per sq. cm. 
Р, = 2т Г (40) 


is the structural pull, іп dynes рег sq. ст., between the abutting 
ends only of the half-cores of the bar electromagnet. 
Now when an air gap is introduced between the plunger and 


-the stop, the intensity of magnetization in the iron does not 


decrease with the flux density (less H) in the air gap on account 
of the leakage from the inner end of the plunger, through the air 
or ether, back to the end at which the plunger enters the coil. 
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Fic. 33—RELATIVE VALUES OF FLUX 


This leakage tends to sustain thc intensity of magnetization in the 
plunger and to produce the ''solenoid pull" when the flux 
density(less H) in the air gap is exceedingly low, or when there 
is no air gap (in the usual sense) as when only the plunger is 
inserted into the coil and there 1s no other magnetic material near. 

Generally speaking*, the leakage pull is a maximum when the 
length of the air gap in a plunger electromagnet is maximum, 
but when the length of the air gap 1s reduced to zero, there can 
be no leakage (as mentioned above) whatsoever, and the law 
of the pull required to separate the plunger from the stop is then 
expressed by equation (39). On the other hand, the air gap 


*See ‘“‘Alternating-Current Electromagnets,” Electrical World, Vol. 63, 
No. 5, p. 260 (1914). 
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flux will vary inversely with the length of the air gap so that the 
general conditions, so far as the air gap and leakage fluxes are 
concerned, are graphically represented in Fig. 33. 

It will now be seen that Maxwell's law is true for a closed air 
gap, under the ideal conditions previously mentioned, but that 
it does not hold for tractive electromagnets unless modified to 
allow for the extra pull due to leakage. Therefore, the equation 
for the total pull due to a plunger electromagnet with an air gap 
and fixed stop may be constructed as follows: From (7), 
бі = 4 т І, wherein ф;1ѕ the total structural flux in the iron. 
Let $, represent the flux in the air gap less that due to the mag- 
netizing force, and allow P, to represent the pull in dynes рег 
sq. cm. in the air gap due to d, Then 


фг 
РД тз (41) 
Expressed in dyncs, 
Р, = $ 
£ grs (42) 


The pull in kilograms, under the above conditions, is 


| 2 
P, = _— 9d  _ Qè- x 10-4 


8 m X 981,000 5 2475 (43) 


Adding equations (43) and (12), the total pull, in kilograms, 
for a plunger electromagnet, with or without an iron frame, or a 


Stop, is 
2 ЕЕ; 
P =( Ф, deri) x 107 


247 S 1962 L (44) 


which is the general pull equation for tractive electromagnets 
of the plunger tvpe. 

The flux in the stop also coacts with the usapu ы ы force іп 
the сой which tends to produce motion but the stop апа сой аге 
usually fixed in position so that no relative motion results. The 
leakage, from the inserted end of the stop back through the air 
and frame to the place where it is attached to the frame, tends 
to cause a greater total flux to pass through the stop than is 
usually calculated. This causes the reluctance of the stop to be 
greater than calculated on the assumption that the flux in the 
plunger and stop is the same as that in the air-gap. 
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In Fig. 34* are shown the test characteristics of the eleven- 
section solenoid, 30.5 cm. long, surrounded by a massive wrought 
iron frame. “The stop was of the same material and of the same 
diameter as the plunger and was inserted 7.6 cm. into the coil. 
All'curves are due to 10,000 ampere-turns. Тһе curve Р, is due 
to the plunger electromagnet complete; that marked P, is due 
to the solenoid-and-plunger only, and the curve marked P, is the 
difference between the above curves. Hence 


P= P,— P, (45) 


represents the pull due to the flux in the air-gap. 1,15 the length 
of the air gap in cms. 


Fic. 34—PuLL CHARACTERISTICS OF THE ELECTROMAGNET TESTED 


The points marked on the curve P, are the actual test data for 
the total pull. The rest of the curve P, was calculated in the man- 
ner described below. 

In what follows, the reluctance R, of the working air gap is 
assumed to vary directly with the distance between the plunger 
and the stop. А trial calculation from the test data indicated 
a ncarly-constant reluctance, external to the working air-gap, 
of 0.17 oersteds. Taking this as a basis, the curve P, which 
agrees closely with the test data, was obtained by adding the cal- 
culated air-gap pulls to those due to the solenoid-and-plunger 
only. 

*Part of the following is abstracted from Electrical World. Vol. 59, 
No. 25, р. 13881(1912). 
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The m.m.f. for the air gap is © 


F = | R, Fi 
£ RR (46) 


wherein F, is the total m.m.f. (12,570 gilberts), R, the reluctance 
of the working air gap and R; the sum of the reluctances of the 
plunger, stop, frame, and non-magnetic joint between the plun- 
ger and the frame. Then the flux in the air gap is 


= R; (47) 


Fic. 35—FonRcE, THEORETICAL FLUX AND ENERGY CURVES FOR AIR GAP 


The pull due to the flux in the air gap was calculated by equa- 
tion (43). 

It has been theoretically proved that the maximum amount 
of work (initial pull X length of air gap) may be obtained from 
a plunger electromagnet when the reluctance of the working 
air-gap 15 equal to that of the rest of the magnetic circuit.* This 
is similar to the rule for the maximum wattage which may be 
obtained in an electrical apparatus connected in series with a 
line. The general principle is illustrated in Fig. 35, wherein R; 
is assumed to be constant. The product of m.m.f. and flux, in 
the air gap, becomes a maximum when А, = Rj. Е, ф, 15,іп а 
way, analogous to the e.m.f. multiplied by the current strength. 


*E. R. Carichoff, Electrical World, Vol. XXIII, pp. 113and 212 (1894). 
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The point marked zi — ],on the curve P, in Fig. 34, is 


where the reluctance of the air gap is 0.17 oersted, which is the 
same as the calculated reluctance for the rest of the magnetic 
circuit. 

Fig. 36 shows the леа air gap characteristics of the test 


Fic. 30— CALCULATED AIR GAP CHARACTERISTICS OF TEST ELECTRO- 
MAGNET 
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Fic. 37—WoRK CURVES OF TEST ELECTROMAGNET 


electromagnet. The calculated values of F, Ọ become ata 
maximum when the air gap is 1.1 cm. in length, wine is the point 
where R, = Rj. 

The centimeter-kilograms of work, for varying lengths of air 
gap, obtained with the test electromagnet, are shown in Fig. 37. 
W, is the pull X distance which was actually obtained with the 
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complete plunger electromagnet, while W; is the actual pull X 
distance obtained with the coil-and-plunger only. The curve 
marked W, represents the difference between curves W, and 
Ws. 

Therefore, the maximum amount of work as defined above 
which may be obtained with a plunger electromagnet, with a 
given m.m.f., is not directly dependent upon the equality of the 
reluctance of the air gap and the sum of the reluctances of the 
rest of the magnetic circuit. 

The amount of work which may be obtained with a plunger 
electromagnet becomes at a maximum when the range or dis- 
tance of travel of the plunger times the sum of the pulls, due to 
the flux in the air gap and to the flux in the plunger coacting with 
the magnetizing force, become at a maximum. 

The latter rule is general and is applicable to all forms of plun- 
ger electromagnets, with or without stops or frames, whether 
designed for alternating or direct currents. When the air gap 
reluctance and total m.m.f. are of low value, the pull due to the 
“ solenoid effect ” may be negligible but this pull increases with 
the m.m.f. and is very marked when the air gap reluctance is 
relatively high. 

The designs of alternating and direct-current plunger electro- 
magnets differ, generally, only in their windings and ferric parts; 
the law governing the mean effective pull applies to both. 
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A MILLIAMPERE CURRENT TRANSFORMER 


BY EDWARD BENNETT 


ABSTRACT OF PAPER 


(1) It is pointed out that by the use of a current transformer 
having a primary to secondary current ratio of the order of 1 to' 
100, j can be obtained of the charging current of a 
single high-tension insulator or of a few feet of high-tension trans- 
mission line; that is, oscillograms of currents of the order of 0.1 
to 0.5 milliampere may be obtained. 

(2) The drawing and specification are given for a transformer 
for this purpose. ` 

(3) The transformer relations are discussed; the methods of 
determining the transformer constants are outlined, and the per- 
formance of transformers constructed in accordance with the 
specifications is determined. 

(4) A series of oscillograms is given to illustrate some of the 
applications of the transformer, such as to the study of corona, 
high-tension insulators, and leakage currents in evacuated lamps. 


I—INTRODUCTION. PURPOSE OF THE TRANSFORMER 


М AN investigation of the merits of wooden insulator pins 
and of the causes of pin charring, conducted in 1908 for 
the Telluride Power Company, the writer had occasion to con- 
struct a current transformer which would permit of obtaining 
oscillograms of the displacement current across a single high- 
tension insulator. Since then a similar transformer has been 
used to determine the effect of corona on the wave form of the 
displacement current betwcen a 10-ft. (3-m.) length of wire and 
a concentric 14-in. (35.56-cm.) pipe. 

The first transformers were designed to have a current ratio 
of 100, but on test developed a ratio of only 89; moreover, it was 
evident that high harmonics were getting through primary wind- 
ing as a displacement current from layer to layer. 

Computations, based on the assumption that the primary 
was wound in layers, had indicated that displacement current 
between layers at 60 cycles would be less than 0.2 per cent of 
total current. After the test, these computations were rechecked 
with the same results as before, and for some time the discrepancy 
remained inexplicable. ‘The cause of the discrepancy was event- 
ually discovered and eliminated only by a chance observation. 

625 
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Im view of this experience and of the merits of the transformer 
for certain lines of investigation, a description of the construction 
and characteristics of the perfected transformer would seem to 
be warranted and is herewith presented. | 

Purpose of the Transformer. А deflection of one centimeter 
on oscillograms from the oscillograph used is obtained with a 


H.T. Trans. : 
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Fic. 1—CoNNECTIONS FOR INSULATOR OSCILLOGRAMS 


current of from 0.05 to 0.08 peak ampere. Oscillograms with 
a peak deflection of less than 0.5 cm. are not very satisfactory, 
therefore the smallest current which will give a satisfactory 
oscillogram when passed directly through the vibrator of the 
oscillograph is 0.02 effective ampere. 

The displacement current at the working voltage from the line 
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Fic. 2—CONNECTIONS FOR OSCILLOGRAM OF THE CHARGING CURRENT 
OF A WIRE 


wire to the pin of a single high-tension insulator is about 0.0002 
ampere at 60 cycles, that is, it is approximately the same as the 
charging current of six ft. (1.8 m.) of No. 00 B. & S. conductor 
at 34.6 kv. to ground. Oscillograms of these currents may be ob- 
tained by using a current transformer with a current ratio of 
100 as shown in Figs. 1 and 2. 
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II—DEscRiPTION OF THE TRANSFORMER 


The construction and dimensions of the transformer are shown 
in Figs3 and 4. Primary and secondary coils are wound on a single 
hard rubber spool, the secondary coils being at the bottom of 
the spool The magnetic circuit comprises a short bridge section 
within the spool and two wings of greater length but each having 
1.8 times the cross section of the bridge. The laminated core 
is clamped between two maple blocks on which are mounted 
the binding posts in which the coils terminate. 


DIMENSIONS IN MILUMETERS 


Le 


|С---------------- 6 ---------------- >| 


fees eet Og аана] 


Fics. 3 AND 4—MILLAMPERE CURRENT TANSPORNES 


Specification 

Rating. 

. Secondary current range 0.01 to 0.1 ampere. 

Ratios of current transformation 100 and 200. 

Primary current range 0.00005 to 0.001 ampere. 

Frequency 60 cycles. 

Resistance of external circuit 0.6 ohms. 

Reactance “ 5 “ negligible 

The 200 ratio is for use only in those cases in which very exact 
phase relations are not essential. 


Primary Winding. 
16,200 turns of 38 B. & 9. gage enameled copper wire. 
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Mean diameter of turn 6.3 cm. 

Total length of wire 3210 meters. 

Measured resistance 6650 ohms. 

The wire is not wound in single layers but in “ sections " of 
about 600 turns each with a layer of 0.04-mm. tissue paper 
between sections. 


Secondary Winding. 
Number of coils 3. 
Size of wire No. 20 B. & S. double silk covered copper. 
Coil 1 has 1 layer of 27 turns. 
Resistance, 0.11 ohms. 
Coil 2 has 81 turns in 3 layers. 
Resistance 0.34 ohms. 
Coil 3 has 81 turns in 3 layers. 
Resistance 0.38 ohms. 
Coils 2 and 3 are used in series for a ratio of 100 and in parallel 
for a ratio of 200. 
Core. 
14-mil. (0.36-mm.) silicon steel. 
Net section of bridge section 4.2 sq. cm. 
Magnetic length of bridge section about 5 cm. 
Net section of each wing 7.7 sq. cm. 
Magnetic length of wing section 15 cm. 
Flux densities at 0.05 ampere secondary: 
36 lines per sq. cm. in bridge. 
10 ^ “ * * * wings. 
Joints in the magnetic circuit, 2. 


III—TRANSFORMER RELATIONS 
Fig. 5 is a vector diagram showing the phase relations of 
currents, voltages, and magnetic flux when the transformer is 
connected for a ratio of 100 and is delivering 0.05 ampere (effec- 


tive value) to the secondary circuit. Unless otherwise stated, 


the following discussion all relates to the 100 to 1 connection 
of the transformer. 
In this diagram, 
if J; = 0.05 amperere presents the current in the secondary then 
E, = 0.05 (ra + jx;) represents the voltage that must be in- 
duced in the secondary by the magnetic flux. 
E, = L, (r2 + jx) is the resultant of the two components, 
Ira in phase with the secondary current; and 
T,xa, leading the secondary current by 90 deg., where 
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rs is the resistance of the secondary winding plus the resistance 
of the external circuit supplied by the secondary, and 

Ха is the reactance of the secondary winding due to leakage 
flux embracing the secondary alone, plus the reactance 
of the external circuit. 


The secondary voltage E, is induced by the mutual magnetic 
flux, 90 deg. in advance of and directly proportional to Eg. 

To drive the flux ф through the magnetic circuit there is re- 
quired a magnetizing force consisting of two components, a watt- 
less component M in phase with e, and a power component W, 
90 deg. in advance of ф. The primary current T, must furnish 
this magnetizing force and must in addition neutralize the mag- 
netomotive force of the secondary current 11. 


E, = [524 * 0.066 v. 


— — = = = ooo ome — — — — — — 


1,20.05Атр. 


n 
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Fic. 5— TRANSFORMER DIAGRAM 
The primary current then is the resultant of three components: 
г: T n 
First, a neutralizing component J, = — - Г, or 
1 


in phase opposition to 1). 
Second, a wattless exciting component I, in phase with @; 
Third, a power exciting component Iw, 90 deg. in advance of. 
The voltage E; consumed in the primary of the transformer is 
made up of three components. 
First, the voltage consumed by the mutual flux 


Ni E 
2. 


f, = — 


2nd the voltage consumed by resistance in the primary, a 
voltage in phase with ЛД, and equal to 1171; 

Third, the voltage consumed by leakage flux linking with the 
primary alone, a voltage 90 deg. in advance of I, and equal to 
bX. 
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It is seen from this diagram that the reversed secondary current 
leads the primary current by a small angle, À, whose tangent is 
approximately equal to the component of the exciting current in 
quadrature to the load current divided by the load current. 
Furthermore, the ratio of the secondary to primary current is less 
than the ratio of primary to secondary turns, due to the com- 
ponent of the exciting current in phase with the load current. 


IV.—DETERMINATION OF THE TRANSFORMER CONSTANTS 


Resistance. The resistance of the secondary circuit is as 
follows: ' 


Secondary Winding «sas eS Ea yua 0.62 ohms 
Leads to the бс Б тара (negligible) 
Vibrator of the oscillograph.............. 06 “ 


Total secondary resistance 


oe € o ө 9 ө ө ọọ е өз 9 э ә э 


Reduced to the primary the equiva- 
lent resistance 1s 13,200 ohms. 

The rcactance of the primary is 6600 
ohms, making a total transformer and 
vibrator resistance of 19,850 ohms. 

It will be noted that the resistance 
given for the vibrators, (0.6 ohms), i 
only one half of the resistance of the Fic. 6—MonpiFIED 
standard vibrators. "This reduction in VIBRATOR 
the resistance has been effected by modifying the vibrators as 
shown in Fig. 6. This modification eliminates useless silver 
strip, reducing the length of the strip to one half the standard 
length, without in any way affecting the period or sensitiveness 
of the vibrator. It is of course out of the question to fuse 
vibrators used in the secondary of the current transformer be- 
cause of the high resistance of the fuse. 

Reactance. The reactance of the external part of the secondary 
circuit is negligible in comparison with the reactance of the 
secondary winding. 

The separate reactances of primary and secondary due to leak- 
age flux cannot be computed from the transformer dimension 
with any degree accuracy. The combined leakage reactance of 
primary and sccondary can, however, be obtaincd experimentally 
by taking an oscillogram with the connections shown 1n Fig. 7. 
Fig. 8 (film 203) is a characteristic oscillogram taken with these 
connections. "The current in the secondary lags about 12 degrees 
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behind the potential across the primary. With a transformer 
and a vibrator resistance of 19,850 ohms, a lag of 12 deg. indi- 
cates a leakage reactance of 4200 ohms at 60 cycles. ` 

It will be approximately correct, and will introduce no ap- 
preciable error to apportion half of this to the primary and 
half to the secondary, thus making the primary reactance 2100 
ohms and the secondary reactance 0.21 ohms. Fig. 5 has been 
constructed on this basis. 

Flux Densities. With a total secondary impedance of 1.33 
ohms = (1.32 + j 0.21), the secondary voltage at 0.05 ampere 
is 0.066 volt. To generate this voltage, the flux densities 
must be 36 lines per sq. cm. in the bridge and 10 lines per sq. cm. 
in the wings. Data are not available for the predetermination 
of the exciting current at these low flux densities. 

Phase Displacement and Ratio of Transformation. To deter- 
mine the phase displacement between primary and secondary 


16200 Turns 
Vibrafor (E) (6) 


Fic. 7—COoNNECTIONS FOR THE DETERMINATION OF TRANSFORMER 
REACTANCE 


currents and the ratio of transformation, oscillograms were 
taken with the connections shown in Figs. 9 and 12. As shown 
in Fig. 9, a 60-cycle current, mesaured by a voltmeter A, is 
passed through one of the 81-turn coils and through the vibrator 
P. The second 81-turn coil is connected through an adjustable 
resistance R to the vibrator S which was calibrated before and 
after these tests. | 

For small variations in the resistance of the secondary circuit, 
the angle of phase displacement and the percentage reduction in 
the multiplier are approximately proportional to the secondary 
resistance. The additional resistance R, which was varied from 
zero to three ohms, was inserted for the purpose of increasing the 
angle of phase displacement, thus permitting of its more accurate 
determination from the films. Figs. 10 (film 200) and 11 
(film 201) are characteristic curves obtained in this manner. By 
scaling the films, it is found that the transformer with an 81- 
turn secondary has a ratio of transformation 3.2 per cent less 
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than the ratio of the turns, and the secondary current leads the 
primary by an angle of 3.6 deg. "These are the constants of 
the transformer when connected for a ratio of 200 to 1 with a total 
secondary resistance of 0.94 ohms. 

When, however, the transformer is connected for a ratio of 100 
to 1, with a 162-turn secondary of 1.32 ohms resistance, the angle 
of phase displacement and the percentage reduction in the ratio 


will be approximately (5 x к 


i x or 0.35 of the corresponding 


Vibrator (P) 


Vibrafor(S) ($; 


Fic. 9 —CALIBRATION OF CURRENT TRANSFORMER 


values for the 81-turn secondary. That is, for the 100 to 1 con- 
nection the secondary current leads the primary current by 1.3 
deg. and the true ratio of transformation is 1.1 per cent less than 
the ratio of turns. It should be noted that the only method of 
obtaining these small corrections is by scaling the films. When 
dealing with corrections of this order the inaccuracies of the me- 
thod are such that the above corrections may be in error by 25 
per cent. 


Megohm.., R 


Fic. 12—CALIBRATION OF CURRENT TRANSFORMER 


A second method of calibrating the transformer is shown in 
Fig. 12. In this method a known non-inductive resistance К 
of about one megohm 1s connected in series with the 16,200-turn 
primary, and a known voltage, measured by the voltmeter V, 
is impressed across the primary and the megohm resistance. 


The primary current lags 0.2 deg. behind, or is practically in, 


phase with, the impressed voltage, which is recorded by the 
vibrator P. The secondary current is recorded by the cali- 
brated vibrator S. The primary current is computed from the 
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impressed voltage and the known resistance, while the current 
in the secondary is obtained by scaling the oscillograms. A 
number of calibrations made in this manner confirm the results 
obtained with the Fig. 9 connections. 

Constants of the Transformer for Higher Harmonics. The 
constants of the transformer have been experimentally deter- 
mined only at 60 cycles. From these tests conclusions may be 
drawn as to the performance for a limited range of higher fre- 
quencies. 

In the following table is listed the computed values of the 
secondary reactance and of the secondary impedance to-the 
fundamental frequency, (60 cycles), and some of the higher har- 
monics. The fourth column of the table shows the relative flux 
densities required to drive the same secondary current through 
these impedances at the corresponding frequencies; the fifth 
column shows the relative values of the eddy currents, and the 
sixth the relative values of the hysteresis losses. 


Secondary Secondary Relative Relative Relative 

Harmonic reactance impedance flux value of hysteresis 
Ohms Ohms density eddy currents loss 
1st (60 cycles) 0.21 1.33 1.00 1.0 1.0 
3rd | 0.63 1.46 0.37 1.1 0.7 
5th 1.02 1.67 0.25 1.3 0.5 
7th 1.47 1.97 0.21 1.5 0.6 
9th 1.89 2.30 0.19 1.7 0.6 
15th 3.16 3.43 0.17 2.5 0.9 


An inspection of this table in connection with the vector dia- 
gram, Fig. 5, indicates that, 

a. The angle of lead of the secondary current and the dis- 
crepancy between transformer ratio and ratio of turns, may be 
expected to become smaller and smaller for the third, fifth and 
seventh harmonic. 

b. The angle of lead of the secondary current will pass through 
zero and become an angle of lag, between the fifth and ninth 
harmonic. 

c. The constants of the transformers for all harmonics up to 
the fifteenth will be extremely satisfactory. 

Displacement Currents. There remains to be considered the 
possible transformer errors resulting from the passage of pri- 
mary current through the transformer as a displacement current 
from turn to turn or layer to layer. For the purpose of deter- 
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mining the order of magnitude of this current, assume the pri- 
mary is wound evenly in layers, each layer starting from the same 
side of the spool. With a wall thickness of 0.008 mm. of enamel 
insulation surrounding each wire, the estimated capacity be- 
tween adjacent layers is less than 8 X 10-9 farads, or the capacity 
reactance to 60 cycles 1s 340,000 ohms. With 0.0005 ampere in 
the primary the voltage between layers is 0.13 volt and the dis- 
placement current between layers will be 4 X 1077 ampere or 0.08 
per cent of load current. 

The first two transformers constructed were wound with 
40,000 turns (5 miles) of primary coils of 0.08-mm. enameled 
wire. For these transformers the displacement current between 
layers, computed under the assumption of uniform layers, was 
0.2 per cent of the load current. This seemed low enough, 
and accordingly the transformers were wound with no addi- 
tional insulation between layers. As noted in the introduction, 
these transformers were designed for a ratio of approximately 
100, but on test developed a ratio of only 89; moreover, higher 
harmonics were not faithfully reproduced in the secondary. 
For some time the cause of this discrepancy between computed 
performance and performance on test could not be discovered. 
Finally, in unwinding one of the transformers the observation 
was made that the nth turn was not always adjacent to the 
(n4-200th) and (»-—200th) in the preceding and following 
layers,—as would be the case with uniform layers, and as as- 
sumed in the computations,—but occasionally came in contact 
with turns farther removed from it,as the (» + 900th) or the 
(n + 1400th). The explanation of this is as follows: 

In winding a fine wire the turns have a decided tendency to 
override and “ pile up " several turns deep at some parts of 
the layer, and to run ahead of the correct position at other 
parts. Where the wire runs ahead of its correct position, a 
portion of the lower layer is left uncovered, with the result that 
turns in the neighborhood of the (n + 900th) or (n + 1400th) 
turn may come in contact with these uncovered portions of 
the lower layers. The difficulty of winding in absolutely uni- 
form layers is so great that the wire was allowed to pile up and 
run ahead in this manner. After observing this condition 
of the winding it became evident that the loss in primary 
ampere turns might be far higher than the 0.2 per cent computed 
for uniform layers; this loss in ampere turns would be due to the 
“ bridging ” of sections of the winding at considerable difference 
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of potential by the capacity between the turns in contact. The 
displacement current between these sections in contact would 
be shunted from the portion of the winding between the turns. 

The use of paper insulation between layers is a remedy which 
immediately presents itself. А layer of paper between each 
layer of wire would result in a primary coil with a much larger 
mean diameter. This in turn means a very appreciable and 
objectionable increase in the leakage reactance. 

The primary of the transformer described in this paper was 
accordingly wound in sections of about 600 turns each, with 
paper insulation between the sections only. Each section was 
the full width of the coil and on the average three turns deep. 
The winding of a section started at one face of the spool, ad- 
vanced toward the other face, the turns piling up two to four 
deep all along, and terminated when the other face of the spool 
was reached. А single thickness of 0.04 mm. tissue paper was 
wrapped around the completed section, and the next section 
was wound on this paper, and so on. Wound in this manner, 
there is no possibility of the nth turn coming in direct contact with 
a turn any farther removed from it than the (n + 50th). By 
winding and insulating the transformer in the manner described, 
it is estimated that the integrated effect of the 60-cycle current 
shunted from the primary winding has been reduced to less 
than 0.02 per cent of the total primary ampere turns. 

The importance of reducing the shunting effect of capacity 
between layers to this low value at 60 cycles, is realized when 
considering the magnitude of the effect for the higher har- 
monics, for example, the fifteenth. The capacity reactance 
between turns, layers and sections to the 15th harmonic is 
1/15 of the reactance to 60 cycles; the 1mpedance to the pass- 
age through the windings of the 15th harmonic in the current 
is approximately five times the impedance to 60 cycles; therefore, 
the percentage of the 15th harmonic shunted from the wind- 
ings will be 75 times the percentage of the fundamental shunted. 

If, then, less than 0.02 per cent of the 60-cycle current is 
shunted from the windings, the percentage of the 15th harmonic 
will be less than 1.5 per cent. "The conclusion is that the in- 
fluence of displacement currents within the primary winding 
may be neglected for the fundamental and any harmonic not 
higher than the 15th. 

To check the preceding conclusions relating to higher har- 
monics in the current wave form, an oscillogram, Fig. 14, 
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(film 194) was taken with the connections shown in Fig. 15. 
Im Fig. 15, B is a Leyden Jar condenser having about 100 times 
the capacity of the condenser C, which consists of two con- 
centric cylinders separated by air,—a steel wire 0.059 cm. in 
diameter in a 518-cm. length of pipe of 20.6 cm. diameter. 
Both condensers in parallel were connected across a high ten- 
sion transformer generating 9.6 kv. The charging current of 
the Leyden jars B was sent through the vibrator P and the 
charging current of the cylinder condenser C was sent through 
the primary of the current transformer, the secondary being 
connected to the vibrator S. The vibrator E shows the poten- 
tial wave form across the primary of the transformer. The 
charging current of the two condensers B and C should have 
the same wave form, and any appreciable errors introduced 
by the transformer should cause an appreciable difference in 


Fic. 15—CONNECTIONS TO SHOW THE REPRODUCTION OF HARMONICS 


the shape of the current wave forms P and S. An examination 
of the oscillogram shows that the harmonics in the primary of 
the transformer are very faithfully reproduced in the secondary. 


V. APPLICATIONS 


The transformer extends the field of usefulness of the oscillo- 
graph by increasing a hundred fold its current sensitiveness 
or sensibility. This makes it possible to use the oscillograph 
in fields from which it has hitherto been barred by reason of 
the minuteness of the currents to be studied. In this connec- 
tion, however, it should be recalled that a current transformer 
cannot increase the watt sensibility of the oscillograph, and that 
the actual watt sensibility of the combined current transformer 
and oscillograph is thirty per cent of the watt sensibility of 
the oscillograph alone. Consequently, the current trans- 
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former can only be used where the current to be investigated 
flows under a voltage high as compared with the voltage con- 
sumed in the transformer. This voltage is of the order of ten 
volts for 0.0005 ampere. Figures 17 to 30 are oscillograms 
intended to show some of the applications of the combined 
current transformer and oscillograph. 

Application to Corona Studies. The oscillograms, Fig. 17 
to Fig. 21, (film 177 to 181), taken with the connections shown 
in Fig. 2, show the effect of corona formation on the charging 
current of a wire. The metal cylinder of Fig. 2 was an 8-in. 
(20.6-cm.) iron pipe 17 ft. (518 cm.) long, in the center of which 
was stretched a polished copper wire having a diameter of 0.227 
cm. Corona is visible around this wire at 18.7 kv. 

Fig. 17 (film 177) was taken at 17.8 kv.—below the voltage 
at which corona is visible. 
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Figs. 18 and 19 (films 178 and 179), were taken above the 
corona voltage at the voltages indicated on the films. They 
show: (a) the point on the e.m.f. wave form at which copious 
ionization sets in, (b) the duration of the period of ionization, 
(c) the asymmetrical nature of the process of breakdown. In 
all these films a positive current is a current from the pipe to 
the wire, or the wire is cathode for positive deflections. 

The three films above referred to were taken with a com- 
bination of inductance and capacity in the circuit adjusted to 
“weed out” all harmonics from the generator wave form. 
The next two oscillograms, Figs. 20 and 21 (films 180 and 181), 
were taken with the same wire but without “ weeding out ” 
the harmonics from the impressed voltage. | 

To show more clearly the characteristics of the current which 
flows when corona forms, the connections shown in Fig. 16 
may be used. In Fig. 16, the charging current from a con- 
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denser B, connected between wire and ground, is sent through 
one of the secondary coils of the current transformer is such a 
direction as to oppose the magnetomotive force of the primary 
current. 

The capacity of the condenser B is adjusted so that its charg- 
ing current neutralizes the charging current between wire and 
pipe for all voltages below the formation of corona. When 
corona forms the two currents no longer balance, and the de- 
flection of the current vibrator shows the current which is super- 
imposed on the charging current as the result of the ionization. 
Figs. 22 and 23 (films 188 and 189), were taken with Fig. 16 
connections, with a 0.059-cm. steel wire in the 8-in. pipe. 

The asymmetrical nature of the current is more striking at 
low gas pressures than at atmospheric pressure. This is in- 
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dicated in Fig. 24, (film 224), an oscillogram obtained with 
a 0.102-cm. phosphor bronze wire in the 8-in. pipe of Fig. 2. 
This oscillogram was obtained with the pipe closed at the ends 
` and exhausted to a pressure of 0.5 cm. of mercury. 
Application to Insulator Investigations. The current trans- 
former may be used to determine the charging and leakage 
currents of high-tension insulators and the ohmic resistance of 
wooden pins at high voltages. | 
With the connections shown in Fig. 1 the oscillograms in Figs. 
25 to 29 were taken on a 10-in. (25.4-cm.) suspension insulator. 
Figs. 25 and 26 (films 301 and 305) were taken at 18.2 kv. 
with the insulator dry and under spray respectively. The 
spray was directed downward at an angle of 45 deg. from the 
vertical; the rate of precipitation was 0.6 in. (1.5 cm.) per 
minute. The 60 cycle charging current of the dry insulator 
at the rated voltage, eight kv., is 2.16 X 10-4 (г. m.s.) amperes 
indicating a capacity of 3.14 X 10-! farads. Under spray, 
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Fig. 26, the current leads the potential by only 70 deg., or the 
resistance of the insulator drops to 180 megohms. 

Figures 27 and 28 (films 304 and 308) show the charging 
current at a voltage high enough to cause streamers over a part 
of the insulator surface. The oscillograms were taken with 
the insulator dry at 38 kv. and under spray at 31.6 kv. repec- 
tively. For positive currents the insulator pin is cathode and 
the metal cap is anode. 

Fig. 29 (film 307) is an oscillogram taken on a 10-in. (25.4-cm.) 
suspension insulator under spray, with the axis of the insulator 
horizontal. The insulator resistance is only seven megohms. 

Application to the Study of Conduction їп Gases. The trans- 
former may be used to determine the wave form of the minute 
leakage currents between electrodes in gases at low pressures. 

Fig. 30 (film 254) shows the wave form of the current through 
the gas between an incandescent carbon filament and a copper 
plate mounted in the evacuated bulb of an incandescent lamp. 

The filament was a 55-volt 16-c.p. filament, operated at 
57 volts on direct current. А 60-cycle alternating voltage of 
83 r.m.s. volts was impressed between the copper plate and 
one terminal of the filament; the connections are as shown 
in Fig. 31. In interpreting this oscillogram, it should be re- 
called that the average value of the current delivered by the 
secondary of the current transformer will be zero, irrespective 
of the wave form of the primary current. The negative branch 
of the current wave does not mean that the primary current 
flows from the incandescent filament anode to the copper plate 
cathode. The primary current is unidirectional and only flows 
during the half cycle in which the filament is cathode. No 
appreciable current flows when the cold copper plate is negative 
to the filament; the current shown by the oscillogram during 
this half cycle is only an apparent current; it is due to the shift 
of the secondary current wave form with reference to the primary 
current wave. Both wave forms are similar, but the primary 
is unidirectional while average of the secondary must equal zero. 
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MINE SUBSTATIONS-I 
Their Construction and Operation 


BY H. BOOKER 


` ABSTRACT OF PAPER 

The use of electricity in mines has been making rapid progress 
throughout the United States. Steam and compressed air are 
being препев largely by central station power. Power from 
a central station requires a substation to supply direct current 
to operate locomotives, cutting machines, etc. А substation is 
used to transform high-voltage a-c. power to direct current at 
250 or 500 volts. 

Substations, when possible, should be located on the surface, 
because if located underground there is danger from fire, and 
dampness weakens insulation and causes corrosion of metallic 
parts. Construction of an underground substation is more 
costly than on the surface, as there is danger of the roof giving 
way. "The roof should be arched, or built of heavy concrete and 
the whole station made fireproof. 

When substations are located underground it is necessary to 
carry a high-tension cable through bore-holes. When located 
on the surface a low-tension cable can be used. 

Many accidents occur because of incompetent men. Good 
salaries should be paid and competent men obtained. Danger 
warnings should be posted and men taught to consider wires as 
being ‘‘ live ", thereby lessening accidents. 


URING the last few years the use of electricity in mines 
. has attracted a great deal of attention throughout the 
United States. This is largely due to the large increase in 
coal consumption making it necessary to discard the early 
primitive methods of running and to install modern power 
equipment, without which it would be impossible to produce 
the required output with the present supply of labor. 
Steam and compressed air have been and are still used to 
a large extent for the power supply at the coal mines, but there 
is a growing use of electricity especially during the last two or 
three years, due to the introduction of central station power 
which, strange to say, can be sold to a coal mine cheaper than 
the mine can produce it itself. 
The greatest care should be exercised in the introduction of 
electric power in a coal mine and the very best advice should 
; 641 
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be obtained before attempting any electrical installation about 
a mine. Electric power improperly installed and not properly 
operated and maintained will no doubt prove a hazard and it 
is just such conditions that is causing apprehension in some 
localities regarding the use of electric power in mines. 

The danger and unsatisfactory service associated with elec- 
tric power in the past, has been largely due to the short sighted 
policy of the coal mining companies in purchasing cheap equip- 
ment unsuited to the service and in employing incompetent 
labor. 

A coal mine is the last place where inferior or poorly designed 
electrical apparatus should be used, as the risk of trouble is 
too great. 

Even with the best designed and best adapted equipment 
the question of operation and maintenance 1s one that is often 
sadly neglected. The matter of compensation is often allowed 
to play too prominent a part, and the wages offered are such 
that it is impossible to obtain competent men who will take 
proper care of the equipment and who will realize the import- 
ance of properly maintaining the apparatus. 

Rigid, systematic, and careful tests should be made period- 
ically on all moving parts of electrical equipment to insure 
proper operation and records kept of these tests for future 
reference. 

Warnings regarding the danger of touching wires cables or 
electrical apparatus should be from time to time pointed out 
to all workmen in the mine, and in some way kept constantly 
before them. The primary cause of the majority of accidents, 
it is fair to say, is partial or complete ignorance. Those un- 
skilled in electrical work should treat all electrical apparatus 
as alive, as only in so doing lies complete security for them. 

The writer proposes to deal with the installation, operation 
and maintenance of substations around coal mines from the 
standpoint of the practical operator. Until quite recently 
the electric power in use at coal mines was produced by small 
isolated plants located at each mine. With the large increase 
in production and the combination of many small mines, the 
central plant idea and the purchase of central station power 15 
rapidly gaining ground. 

The use of power from a central plant, or of purchased power, 
requires a substation to supply direct current to operate the mine 
locomotives, cutting machines, underground pumps and lights. 
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A mine substation, in general, consists of one or more motor- 
generator sets or synchronous converters used to transform 
high voltage a-c. power to direct current at 250 or 500 volts. 

The small isolated plant was generally placed near the pit 
mouth, provided the coal and water supply was convenient. 
As the capacity of the mine increased and the distance to the 
working face became greater the power conditions became 
quite unsatisfactory. An increase in the capacity of the exist- 
ing plant often means a large expenditure of time and money 
so that the purchase of central station power and the instal- 
lation of a substation offers the best solution. The substation 
can generally be placed at a more advantageous point than the 
isolated plant since a substation is independent of coal and water 
supply. Ап increase in power supply at any time can be easily 
and quickly taken care of at a low cost. 

Substations when properly designed and installed require 
little attention, and the attendant is needed only to reset circuit 
breakers and to see that everything is running properly. If 
power is not wanted the machines can be cut out and all ex- 
pense for current stopped. Starting up is a simple matter of 
closing a switch and full power is available immediately. 

With purchased power, the substation system of power dis- 
tribution is most advantageous for coal companies operating 
singly or widely separated mines. The operator transfers his 
responsibility to those whose business it is to carry it, leaving 
him free to his business of mining coal, thus relieving him of 
the worry and care of his power plant, and thereby greatly 
increasing the efficiency of his coal mining department. The 
operator substitutes his power house with its engineers and 
firemen and its need for good and abundant water, with a 
small substation that requires only one attendant and no water 
supply. 

The exact location of the substation is often a hard question 
to decide. Conditions frequently arise where it would be de- 
sirable to install the substation underground, but in general, 
unless absolutely necessary, the substation should be placed 
above ground. The preferable location is at the pit mouth 
when possible, as it can then be looked after by a workman 
who has other duties to perform. In a small mine the tipple 
foreman can attend to the station, while in a shaft mine the 
station should be located in the hoist room and looked after 
by the hoist engineer. In a large mine requiring more than 
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one station, they should be located centrally to the work 
to save the expense of heavy copper feeders. The substation 
can often be located near the fan so that the same operator can 
look after both. When the d-c. feed wires cannot be carried 
into the mine by one of the openings, bore holes can be used, 
as it is comparatively simple to maintain a 500-volt cable in- 
stalled in a bore hole. | 

In regard to locating the substation underground there are 
many objections to this. Beside the source of danger from 
fire there is most always considerable dampness underground 
which not only weakens the insulation but causes corrosion of 
unprotected metallic parts. It is practically impossible to make 
an underground substation free from moisture, and good ven- 
tilation is often difficult to obtain. "This matter of ventilation 
is very important as the heat losses in the apparatus must be 
carried away so that the capacity of the machines will not be 
impaired. This question will be readily appreciated when 
it is considered that one kilowatt loss per minute is equal to 
57 B.t.u. which is equivalent to heating about 3001 cu. ft. 
(84 cu. m.) of air one degree fahr. per minute. The total loss 
in a 200-kw. station will be approximately 15 kw. The heat 
gencrated will, however, help to keep the substation dry in con- 
junction with proper drainage and pumping. 

All underground substations should be ventilated with in- 
take air and all high-tension cables should, when possible, be 
carried to the substation in the intake airway. This may work 
a hardship particularly if the mine is shaft operated and a blow- 
ing fan is used, as it is practically impossible to maintain wires 
in a shaft of this kind on account of the high air velocity. The 
writer knows of mines of this type where it is'unsafe for a man 
to attempt to ascend the stairway, much less do any work 
while the fan is 1n operation. 

Very often considerable coal dust and pure sand is picked 
up by the air currents which is a rather severe matter, as the 
dust and sand plays havoc with the bearings and oiling systems. 

A very important point regarding the construction of an 
underground substation is the cost of construction, which is 
considerably greater than building on the surface. Since 
there is always danger of the roof giving way, the roof should 
be arched or built of heavy rcinforced concrete and the whole 
station made fire proof. For a 200-kw. substation the dimen- 
sions should not be less than 24 by 24 by 12 ft. (7.3 by 7.3 by 
3.6 m.) high. 
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With the substation located underground it is generally 
necessary to carry a high-tension cable through a bore hole. 
With the station located on the surface this cable will be a low- 
tension cable and there will be no trouble to maintain it. A 
satisfactory method is to use * lead " covered cable attached 
to a messenger cable about every 30 feet by wiped joint or 
suitable clamps which will not injure the lead. The high- 
tension cable is much more difficult to maintain, and most 
mine electricians know what it means to maintain high-tension 
insulated cable in deep shafts and in bore holes. : 

The question of attendance for an underground substation 
is a serious one and actual experience has taught the writer that 
it is impossible to get men underground to give machinery the 
same attention they will give it on the surface. This is par- 
ticularly true of the night shift, as it has been found that there 
is a greater tendency among men to sleep on the nigHt shift 
in mines, than on the same shift outside. This may be due to 
the mine atmosphere which is often contaminated with gas 
from gob workings. | 

In regard to the general design and construction of a mine 
substation, space economy should be given consideration, but 
care must be exercised to see that there is plenty of room for 
making repairs and replacements. 

The operating requirements of a substation in regard to con- 
tinuous service may vary from a few hours per day to prac- 
tically continuous service. As due provision must be made 
for inspection and repairs it is quite evident that in case of 
continuous operation, attention must be given to the proper 
sectionalization of the apparatus and duplication of the equip-- 
ment. 

А very important point to consider is the relative attention 
that will be given to the operation of its station by the consumer 
and the central station company. It is only natural that the 
consumer will want to supervise the operation of his own sta- 
tion so that it 1s evident that any complications in switching 
equipment and control apparatus should be avoided. 

The substation should be constructed of fireproof material, 
and all high-voltage apparatus should be enclosed to secure 
maximum safety to attendants. Asbestos lumber should be 
used for partitions and doors, which serves as a protection 
against shock and is a valuable protection in case of fire. 

The common faults in electrical installations of this kind 
are as follows: 
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Exposure of high and medium pressure conductors at the 
surface and high and medium pressure switching gear under- 
ground. 

The frames of high and medium pressure apparatus not 
properly grounded. All machine frames should be well grounded. 

Switches, cables, rheostats, starting boxes, etc., mounted on 
wood and surrounded by as much wood as possible, the whole 
often resulting in two occurrences; first, a shock by coming in 
contact with an exposed live part; second, fire due to defective 
joints in cables. 

Omission of tubes, where frames of machines and brattices 
are pierced by cables. 

The common defects of organization are as follows: 

The absence of trained clectricians. 

The handling of live wires or apparatus for adjustment or 
repair when not absolutely necessary. 

The absence of a definite and distinct rule that unskilled 
men may handle electrical cables and apparatus onlv when 
the power is off. 

The use of central station power will no doubt bring the 
operating force at the mine in close touch with the central 
station operating force which is alwavs ready and willing to 
advise the coal operator in regard to his installation and opera- 
tion. 

It is to be hoped that improved legislation and a better co- 
operation between the mining companies and the Bureau of 
Mines will greatly increase the safety and improve the opera- 
ting conditions 1n connection with the use of electricity in mines. 
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MINE SUBSTATIONS—I 
Motor-Generator Sets vs. Synchronous Converters 


— — — 


BY WILL M. HOEN 


ABSTRACT OF PAPER 

The number of mines which use electrical power supplied bv 
transmission lines carrving high-voltage alternating current is 
constantly increasing. Low-voltage direct current is usually re- 
quired for underground work in all coal mines. These conditions 
require the installation of motor-generators or synchronous con- 
verters. "The extent and location of the mine workings will de- 
termine the voltage of the direct-current supply. Improper 
application of the transforming apparatus may result in great 
variation of voltage in the direct-current network, with itsattend- 
ant disadvantages. | 

The operating characteristics of the induction and synchronous 
motor-generator sets and synchronous converters are consider- 
ed with regard to starting conditions, d-c. regulation and the 
effect on the a-c. transmission lines, a-c. voltage regulation, and 
power factor correction. 

Mine conditions and the nature of the power supply will de- 
termine the type of transforming apparatus which will give the 
most efficient and satisfactory operating conditions. Each of 
the several types of apparatus has a field where the best results 
will be obtained. 


URING the past few years there has been a great increase in 
the number of mines, especially coal mines, using power sup- 
plied from the mining company’s central power plant, or by central 
stations. Several central stations have recently built, and others 
have greatly extended their distribution, with the main object 
of serving mining districts. These conditions are making eco- 
nomical powcr possible for all kinds of mines. To provide eco- 
nomical transmission, this power is generally distributed at a 
voltage which requires transformation before it can be utilized 
in rotating machinery. Operating conditions at the average mine 
are such that direct current is required, and this requires the 
installation, as part of the mine equipment, of a motor-generator 
set, or a synchronous converter. The object of this paper is to 
show the adaptability and field of each type as applied to mine 
Serv ice. 
In the small coal mine, where power for haulage service will 
647 
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be a chief requirement, it is generally necessary, because of the 
mine location and layout, to feed power from the extreme end 
of the feeder system. Under these conditions, to avoid installing 
an excessive amount of copper and in order to maintain a reason- 
able voltage in the region of the maximum load, an increase in 
the terminal voltage of the d-c. generator becomes necessary with 
the increase in load. 

However, when the mine workings become extensive, the 
low voltage generally used makes it desirable to feed into the 
feeder system at its load center, or even into two or more such 
places. This is sometimes accomplished by installing a sub- 
station underground, or in shallow mines, which are in favorable 
locations, on the surface, feeding the low-voltage current under- 
ground through boreholes. Under these conditions, an economi- 
cal feeder system can be installed, so that the drop is low, and 
an increase of terminal voltage with an increase in load is not 
so necessary or desirable. As the mine system becomes larger, 
the amount and size of the apparatus will increase so that motors 
in constant load service, such as pumps and mining machines, 
wil be distributed throughout the mine, to whose successful 
operation an excessive variation of voltage will be detrimental. 

A direct-current motor, when subjected to an excessive in- 
crease in voltage, will have its shunt coils overheated, and 
its speed will increase, which will, with certain characteristic 
loads, overload the motor. 

An excessive reduction in voltage will cause over-heating of 
the armature, reduced speed and reduced output. Series motors 
are generally used for intermittent service, and, as the torque 
is a function of the current, lower voltage will mean a greatly 
reduced speed and an increase in the time for any particular 
cycle of operation. This will invariably result. in overheating 
of the motor windings. 

Power for mine service 1s nearly always purchased on a unit 
basis and is easily and accurately measured. The actual cost 
of power is, therefore, accurately known, which is quite different 
from the former conditions, where each mine was usually served 
by an individual power plant where the actual cost of power was 
very indefinite. Duc to the ease of ascertaining the actual cost, 
the mine operator is vitally interested in the overall efficiency 
of the transforming apparatus. 

The average mine is served with three-phase, 60-cycle power, 
at a voltage which is rarely higher than 11,000. Expert at- 
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tendance is not available or desirable. The first cost must 
be kept at a minimum, with the operating efficiency at a maxi- 
mum. Direct current is required at a voltage generally under 
300, but never exceeding 550. "The selection. of the proper 
apparatus lies between a motor-generator set, of the induction 
or synchronous type, and a synchronous converter. The starting 
characteristics of the last two types of machines have been 
very greatly improved, and the operation of the starting greatly 
simplified, within the last few years. The starting conditions 
of these machines in the order of their desirability follow: 

1. Induction motor-generator. 

2. Synchronous motor-gencrator. 

3. Synchronous converter. 

The induction and synchronous motor-generator sets consist 
of two machines, a motor and a gencrator, cach electrically and 
magnetically independent. The generator can be given any 
reasonable characteristics, but standard practise is to flat-com- 
pound for 500 or 250 volts, or to over-compound not to exceed 
10 per cent. The operating characteristics of the direct-current 
generator are understood by the average mine attendant, as 
its operation is similar to engine-driven gencrators with which 
he may be familiar. 

The induction motor-generator set is exceedingly easy to start, 
but has the disadvantage of a small air рар and a lagging current 
characteristic, which causes the transmission line to carry an 
additional current above the required load current. This means 
an increase in the transmission line and power station gencrator 
capacity. 

The synchronous motor-yenerator set of the present day 15 
no more difficult to start than the induction motor set. It 
has the advantage of a large air gap and the power factor of 
the machine is under the control of the operator. This latter 
feature, if properly applied, is of great benefit to the transmission 
line regulation. If induction motors are in use at the same 
mine, Operating the synchronous motor at a leading power factor 
will greatly offset the lagging wattless component. It requires 
judgment to secure the best results from this feature. While 
the corrective effects apparently only benefit the power com- 
pany, they may be detrimental as well as beneficial, and in 
order that the power company may secure the greatest benefit, 
it would be necessary for the attendant to be under the control 
of the power company, as far as power factor adjustment is 
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concerned. Standard machines are usually built for operating 
at unity power factor at full load, and under average load con- 
ditions it is possible to operate them at slightly leading power 
factor without detrimental results. 

It is now recognized that a low power factor load is detrimental 
to the power company, so that such loads are sometimes penalized, 
the powcr rate being based on the power factor. Under such 
conditions it 1s advisable for the mine operator to utilize the cor- 
rective effect of a synchronous machine, so as to offset the lagging 
effect of any induction motors. It is not always economical 
to attempt to raise the power factor too high, as the corrective 
effect obtained from a given wattless component 1s much less 
in the regions of unity power factor than elsewhere. Generally 
speaking a power factor of 90 per' cent would be considered good. 
The efficiency of a synchronous motor will be materially affected 
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by over-excitation. Reference to Fig. 1 will show the efficiency 
curve of a standard synchronous motor-generator set, as built 
by one manufacturer, when operating at unity and 80 per cent 
leading power factor. 

Synchronous converters are nearly always started from the 
alternating-current end, and are no more difficult to start than 
in the preceding cases, except that it is necessary to close the 
ficld break-up switch, so that the direct-current polarity will be 
correct. They have the advantage of large air gaps, and each 
unit consists of one machine instead of two. The machine 
itself is much lighter, and requires less energy to bring it up to 
speed. The 60-cycle converter of today 1s quite a different piece 
of apparatus from that of only a few years aro. 

Referring again to Fig. 1, curve А is the efficiency curve of a 
standard synchronous converter of the same rating as the motor- 
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generator sct, with transformer losses included. A converter 
does not lend itself to power factor correction to the same ex- 
tent as the synchronous motor. The disadvantage of using trans- 
formers will be offset by giving the machine a large decree of 
protection from grounds which might be caused by surges on 
the high-tension line. It is much easier to run, temporarily, 
on two transformers than to repair a high-voltage coil in either 
an induction or a synchronous motor. 

A synchronous converter neccssarily requires transformers, 
while both the induction and synchronous motors can be wound 
for moderately high voltages. Standard mine sets of less than 
300 kw. are not wound for voltages in excess of 2200.  Thercfore, 
if the voltage is above 2200 transformers will be required in 
either case, or the machine can sometimes be wound for a 
higher voltage at an increased cost and reduccd efficiency. 

In contrast to a motor-generator set, the alternating-current 
and direct-current sides of a synchronous converter are connected 
together. "The direct-current voltage bears an approximately 
constant ratio to the impressed alternating-current voltage. 
In a direct current generator, an increase in voltage with an 
increase in load is obtained by placing series coils on the field 
poles, which coils carry all or a portion of the load current. In 
the converter the same method is used, but the accompanying 
results are obtained quite differently. Standard synchronous 
converters are built so as to give flat compounding, maintaining 
approximately constant terminal voltage. As the direct-current 
voltage bears a definite ratio to the alternating-current voltage, 
it is necessary to maintain constant voltage at the collector 
rings. This is accomplished by having a suitable reactance and 
a certain minimum resistance in the alternating-current circuit. 
This reactance may be introduced separately or be in the trans- 
former, line and generator. To maintain constant voltage, 
the line drop, due to resistance, must not be in excess of 10 per 
cent. Maintaining constant voltage with varying load by chang- 
ing the series field excitation will change the power factor. 
The effect on the line, therefore, is quite different from that 
caused by a synchronous motor without compounding, as usually 
built. This results in the difference in corrective effect of the 
two types of machines. Over-compounded synchronous con- 
verters are not standard, because certain limitations peculiar 
to the type of machine make it undesirable. 

In a synchronous converter, part of the alternating current 
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passes directly to the direct-current end, without circulating 
through the entire converter windings. The heating capacity 
of a direct-current generator will depend upon the average 
heating, while in a synchronous converter it depends upon the 
heating of the so-called tap coils. Low power factor at full load 
will cause heavy currents to circulate in the converter winding. 
As the tap coils must carry this heavy current in addition to the 
current passing through them, the heating wil be above. the 
average of the rest of the winding. 

The average mine load, referring particularly to the direct- 
current load, is usually of a very fluctuating character. Assum- 
ing that the field of a synchronous motor is adjusted for unitv 
power factor, say at 2 load with constant excitation, the power 
factor will be leading at lighter loads and lagging at the heavier 
loads. A synchronous converter, as generally constructed with 
varying excitation. caused by compounding, will act quite 
differently, provided, of course, that the line conditions are 
suitable. As the load falls below the š value, the power factor 
will be lagging, and at full loads, and overloads, slightly leading. 
Where power is received at high voltages from large transmission 
lines, the capacity effect may make it more desirable to have a 
lagging component at light loads and leading at maximum loads. 
Under these conditions the synchronous converter will give the 
most desirable performance. However, where large corrective ef- 
fects are required thereisno doubt but that the synchronous motor 
is the type to be employed. When. the synchronous motor re- 
ceives its excitation from an over-compounded generator the 
exciting current will increase with the load, thus tending to 
hold the power factor up on overloads. The synchronous 
motor-generator sct can be successfully operated on a line whose 
characteristics are such that the operation of a synchronous 
converter would be unsuccessful. Parallel operation between 
machines of the same type is practically on the same basis for 
each of the three types. Parallel operation between machines | 
of the different types is not advisable, as considerable adjustment 
will be necessary to obtain equal division of the loads. 

Cost. А comparison in prices between the induction, or syn- 
chronous, motor-generator set, and the synchronous converter, in- 
cluding transformers for the latter, will show that the costs are ap- 
proximately the same when transformers are not required by 
the motor-generator set. It is the usual practise for the central 
station to supply power at 2200 volts, so that it 1s seldom neces- 
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sary for the coal company to purchase transformers. In smaller 
sizes the synchronous converter with its transformers will cost 
alittle more than the motor-generator set, while with the larger 
sizes, the reverse is true. For the sizes most common for mine 
work, the motor-generator set will cost less than the synchronous 
converter with transformers. 

The foregoing comparisons show that where the line charac- 
teristics are suitable, the operating efficiency and automatic 
alternating-current line regulation are in favor of the syn- 
chronous converter. Where large corrective effects are re- 
quired on the alternating-current line, compounding is desired 
on the direct-current machines, and the transmission line charac- 
teristics are not of the best, the synchronous motor will prove the 
most reliable. When the voltage and frequency variations are 
such as to preclude thesuccessfuloperationof synchronous appara- 
tus, the induction motor-generator set should be used. 


Digitized by Google 


To be presented at the 293d Meeling of the 
American | Insiilule of Electrical Engineers, 
Pittsburgh, Pa.. April 9, 1914, under the aus- 
pices of the Committee on Use of Electricity in 
Mines. 


Copyright 1914. By A.I. E. E. 
(Subject to final revision for the Transactions.) ` 


SELF-CONTAINED PORTABLE ELECTRIC MINE LAMPS 


BY H. O. SWOBODA 


ABSTRACT OF PAPER 

The considerable number of mine explosions caused by defects 
of the Davy safety lamps has encouraged the development of 
electric lamps. Satisfactory results, however, have been ob- 
tained onlysince the invention of thetungsten lamp, permitting 
the use of smaller storage batteries. 

The general requirements for electric lamps are: absolute safe- 
ty, uninterrupted production of light for at least one shift, and 
a foolproof design. Prizes offered by the British Government 
in 1912 for the best electric lamp, resulted in 197 different con- 
structions being submitted. The first prize was awarded to a 
German lamp, which since that time has been used with great 
success all over Europe and which is also being introduced in this 
country. 

The construction of this lamp, consisting of several types for 
different requirements, and the methods of handling it in actual 
service, are fully described. Some figures covering repairs and 
renewals are given. 

In concluding, the author mentions the only objection that 
can be raised against electric portable mine lamps, that they can- 
not be used as detectors of mine gases, as Davy lamps can, 
and says that for this purpose devices distinctly separate from 
the lamp will have to be adopted. 


T IS a well-known fact that a considerable number of mine 
explosions with their enormous losses of life and property are 
caused by defects and improper handling of the so-called miner's 
safety lamps, built on the Davy principle. The Bureau of 
Mines, for instance, mentions in one of its reports that at least 
two disasters in this country in 1912 were caused in this manner, 
killing more than a dozen men, and the Prussian Government 
states that during the decade from 1902 to 1911 at least 27 
per cent of all explosions in the anthracite mines are to be 
blamed on these lamps. Therefore, it is only natural that 
attempts to develop a portable electric safety lamp were made 
quite some time ago. Satisfactory results, however, have only 
bcen obtained since the carbon filament lamps were superseded 
by the tungsten lamps. Due to their high economy in current 
consumption they permit the reduction of the battery to such 
an extent that the weight and size of the portable lamp does 
655 
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not prevent the miner any more from moving around freely 
in performing his duties. 


GENERAL REQUIREMENTS 


Electric safcty lamps must answer the following requirements: 

Absolute safety against ignition of mine gases; 

Uninterrupted production of a steady and sufficient amount 
of light for at least one shift; 

Absolutely foolproof design. 

Besides this, it 1s essential 

To have a simple and durable construction; 

To keep the weight at a minimum; 

To facilitate the charging and inspecting of the battery. 

Safety. Careful experiments conducted by the Bureau of Mines 
in Pittsburgh and also at Gelsenkirchen, Germany, have shown 
that the only source of danger in a portable electric lamp is 
the glowing filament of the incandescent lamp. 

Sparks obtained by the breaking and establishing of the elec- 
tric circuit are not of sufficient strength to ignite mine gases, 
due to the low voltage and amperage of the batteries used, 
as long as the maximum short-circuiting current of these bat- 
teries does not exceed 


100 amperes for batteries with not more than 2.5 volts 
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Therefore it is not necessary to provide special protection 
against sparking on the switch and on the connections between 
battery and lamp. 

As the filament under normal conditions is operated in a 
vacuum and enclosed in a glass bulb, the danger of igniting mine 
gases exists only in case this bulb is smashed without the fila- 
ment being broken at the same time, so that the latter continues 
to glow until it burns out. Several absolutely safe methods 
can be employed to prevent the filament from glowing after the 
bulb has been broken, and one method which has been in actual 
use for a number of years will be described in the course of the 
paper. is | 
Steady and Sufficient Light. The miners’ old safety lamps fur- 
nisha flickering light of about 0.8 c.p. capacity, which rapidly de- 
' creases during the shift to about one-half. This 15 not sufficient 
light for the miner to perform his work satisfactorily, and, ac- 
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cording to the investigations made by Dr. T. Lister of Llewellyn. 
England, is the principal cause of the special eyesicknesses 
(miner's nystagmus) with which miners become affected. For 
this reason it was considered advisable to equip the electric 
mine lamps with incandescent lamps of at least*1.5 c.p. 

The only source of electrical energy which will produce this 
amount of light satisfactorily for at least one shift or approxi- 
mately ten to twelve hours is the storage battery, primary bat- 
teries for such an output being entirely too large for use in port- 
able equipments. Years of development have resulted in fairly 
satisfactory batteries and it seems, іп the present state of the 
art, that the lead cell, regardless of its weight, on account of 
its comparatively high voltage and slow drop in voltage while 
discharging, is the most suitable type. 

Foolproof Design. Miners’ lamps are exposed to extremely 
rough handling by inexperienced hands and the least me- 
chanical or electrical weaknesses are liable to result in a failure 
to supply light. Тһе following are about the most important 
points which must be observed in a successful lamp: 

The lamp must be locked so that the miner absolutely cannot 
get át any part of the mechanism. 

It must burn in any position, even, under water, and if 
dropped on solid material, such as rocks, iron, or cement from 
a heightfof,;several feet must continue to operate. 

The incandescent lamp bulb must be thoroughly protected 
so that it is almost impossible to break it. 

The clectrolyte of the battery must not leak out. 

That constructions of this character are possible, and in actual 
use, will be shown later on. 


Lamr DESIGNS 

During the усаг 1912 prizes were offered by the British 
Government for the best portable electric mine lamp and not 
less than 197 applicants entered into competition and submitted 
samples. After careful tests extending over several months, the 
first prize of $3000 was awarded to the makers of the “Ссар” lamp 
described in this paper. Since this lamp has also been ac- 
cepted by practically all other European governments and was 
the first lamp approved by thc Bureau of Mines, answering all re- 
quirements, and still remains today the only approved hand lamp, 
it might be well to study its construction carefully. 

Fig. 1 gives. an idea of the general appearance of the lamp. 
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The incandescent lamp is covered by a hcavy glass dome, which 
is protected by four heavy steel rods held together by a sheet 
stcel roof. A substantial hook is attached to this roof, so that 
the miner can either stand the lamp on the ground or hang it 
to a post in the immediate neighborhood of his working place. 
The bottom part, made of heavy 
corrugated galvanized sheet 
steel, contains the storage bat- 
tery. By turning the upper 
part on the lower, the miner can 
turn the light on and off. 

The construction of the lamp 
is easily understood from a sec- 
tion shown in Fig. 2. 

The incandescent lamp Í rests 
in a socket n, which is pressed 
upward by a spiral spring o 
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spring o, and for the other pole by another smaller spring d inside 
the socket spring, and insulated from it. In case the bulb breaks, 
the socket spring pushes the socket upwards, and as the inner 
spring does not expand as much as the socket spring, the circuit 
is interrupted. 
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Lately, another safety device has been added, but is not 
shown in this illustration. It consists of a fuse, which blows 
the moment the bulb of the incandescent lamp is broken. This 
climinates the possibility of obtaining sparks or getting the fila- 
ment to glow in case the miner should attempt to push the bulb 
back into its normal position; it also protects the battery from 
being short-circuited for any length of time, in case the leads 
to the bulb have become short-circuited during the accident. 

As stated before, the upper part of the lamp turns on the 
lower part, opening and closing the switch. This rotating move- 
ment is limited by a soft iron pin m, which acts as a magnetic 
lock. This pin can be withdrawn in the charging room by a 
strong electromagnet, and when this is done, the upper and lower 
parts of the housing separate, and the battery can be removed 
for charging. 

The storage battery consists of a single round lead cell with 
concentric electrodes inside of a celluloid vessel А covered 
with a waterproof lid of the same material. Cylindrical elec- 
trodes were given the preference over flat ones, as they are 
stronger and therefore stand rougher handling. They also warp 
less, so that in charging, the current density can be increased and 
the length of time correspondingly decreased. The holes in the 
terminal sockets contain bushings made of acid-proof metal, 
into which removable terminals, pı and f», are fitted. These 
terminals are pressed upward by the terminal springs W, апа И”, 
against the contact segments K and Ksof the switch, carrying in 
this manner the current to the incandescent lamp. Terminals and 
springs can easily be taken out and cleaned by washing in 
warm water, a very important point. The use of non-removable 
springs has been found impractical, as they are very difficult to 
clean, consequently are liable to corrode and break casily. 
First-class contact springs, however, are imperative for an un- 
interrupted light service. 

In charging storage batterics gases develop, which must 
have an opportunity to escape. It is therefore impossible to 
make the cells airtight. An ordinary opening, on the other 
hand, would have the disadvantage that the acid would run out, 
in case a cell were upset, and this would destroy the housing of 
the lamp. In order to overcome this difficulty, the center of 
the cell is equipped with a celluloid tubing B, which isin com- 
munication with the upper part of the cell, where all gases collect, 
by means of a small sidetubing F. The gases therefore can pass 
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from the cell through the side tubing F and finally through center 
tubing C into the open, whereas any particles of acid carried 
along by the gases, will deposit in cylinder B. Even if thecell 
is turned upside down, no acid which may be in cylinder B, 
or any other acid, can escape. In other words, the lamp will 
burn in any position, without the acid being able to leak out. 

The principal dimensions of this lamp are as follows: The 
weight of the lamp complete is about 5 1b. (21 kg.); its height, 
not including hanger, is 10% in. (26 cm.); its largest diameter is 
3$in.(9.5 cm.) The incandescent lamp consumes 0.85 amperes 
at 2 volts. The battery has a capacity of 16 ampere-hours, and 
the maximum charging current should not exceed 2 amperes. 

To meet various requirements this standard design is not 


only made in four different sizes, ranging in weight from 
13 to 51b. (1 to 21 kg.), but it is also made with two storage 
battery cells connected in series, resulting for the entire line in 
capacities ranging from four to sixteen hours of life for onc 
discharge and producing light from 0.75 to 3 c.p. 

Besides this, a number of other modifications have been 
developed, so that mines can be completely equipped today with 
electric safety lamps, wherever a permanent wiring in connection 
with the lighting plant is impossible. Lamps are made for 
rescue parties, cages, powder magazines, shaft lighting, shaft 
inspection, loading places, blasting, cars and locomotives (head 
and tail lamps), etc. А few of these modifications are shown 
in the illustrations. 
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The standard lamp, being of the ''lighthouse " type, distri- 
butes its light uniformly over the entire surroundings. The 
modification shown in Fig. 3, known as the “ trip " lamp, has the 
incandescent lamp mounted on one side combined with a re- 
flector concentrating the light rays in one direction. This de- 
sign is mostly used for inspection trips and head and tail lamps 
for cars and locomotives. It is made in thc same capacities 
as the standard lamp. 

The “ shaft " lamp illustrated in Fig. 4 is arranged with an 
adjustable arm, on which the incandescent lamp is mounted, 
so that the light can be sent in any desired direction. It is 
made for from 8 to 24 c.p. and from 7 to 12 hours of life for one 
charge. 

Fig. 5 represents another type of “shaft” lamp, without 
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an adjustable arm. It is made for 8 and 12 c.p. and for 15 and 
10 hours of life for one charge. 

The lamp illustrated in Fig. 6 is especially suitable for places 
in which ordinary illumination is not sufficient. It is made for 8 
to 32 c.p. and for a life of 7 to `15 hours for one charge. 

The lamps so far described were designed to take the place of 
the Davy safety lamp, which is in use in gaseous mines all over 
the world. In this country, however, the designer of clectric 
safety lamps is confronted with another problem besides. In 
a great many mines the crews have and still use ‘ naked " lamps 
fastened to their caps. On account of the strict enforcement of 
the mining regulations in recent years, a great many of these 
mines have been and will be compelled to substitute safety lamps. 
It is only logical that the men in these mines clamor for a type 
of electric lamp which is as near identical as possible with the 
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present form of naked lamp. To meet this demand, electric 
cap lamps have been developed, the batteries of which are carried 
by the miner on his belt and are connected to the lamp by 
a wcll-protected special flexible cord. This lamp is shown 
in Fig. 7. 

The principles of construction of the cap lamp (see Fig. 8,) are 
identical with those of the hand lamp, besides scveral new 
features which have been added. One is that the incandescent 
lamp is mounted inside a parabolic reflector, the opening of which 
is closed by a lens, instead of being covered with a glass dome; 
another is a ball joint, permitting the miner to direct the light 
rays wherever they are needed. The third feature is em- 
bodicd in the flexible conductors connecting battery and lamp. 
In case of an accident, there is a possibility that the two con- 
ductors may become short-circuited and therefore red hot, event- 

e 


ually setting the insulation afire, if they are made of copper 
or similar material. To prevent this a special alloy has been 
prepared, the melting point of which is considerably below the 
temperature which is required to ignite insulation or mine gas. 
Consequently, if a short circuit should take place, the conductors 
would melt and interrupt the circuit, before there could be a 
possibility of danger. 

From the foregoing description, it can be seen that portable 
self-contained electric mine lamps of this type have passed the 
first state of development, and if one considers that more 
than one hundred thousand are in daily use in Europe, ap- 
parently producing excellent results, there is no reason why the 
adoption of electric mine lamps in this country should not make 
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rapid progress in the immediate future. The question whether 
hand lamps or cap lamps, or both, should be used, is a mere 
matter of detail, which will adjust itself. European practise 
has adopted the-hand lamp exclusively; the sentiment in this 
country, however, seems to be in favor of the cap lamp. Men 
who continually change their location in performing their duties 
will prefer the cap lamp, leaving both hands free for action; 
men who stay at work in the same place most of the time will 
favor the hand lamp, which can be set aside or hung up in the 
neighborhood, relicving them from carrying unnecessary weight. 


Fic. 8 


LAMP SERVICE 


When the crew leaves the mine, the lamps have to be delivered 
to the lamp room for recharging and cleaning. For this pur- 
pose the magnetic lock has to be opened, so that the battery 
can be removed from the housing and placed on the charging rack. 
The unlocking is accomplished by pushing the lamp lock against 
the pole pieces of an clectromagnet (shown in Fig. 9), which 
lifts the soft iron pin holding the upper and lower parts of 
the housing together. 

Special charging racks have been designed to reccive the bat- 
teries. The rack shown in Fig. 10 is intended for 80 cells con- 


664 SWOBODA: ELECTRIC MINE LAMPS [April 9 


nected in two series of 40 cach. Each circuit is equipped with 
a switch, ammeter and rheostat, so that the operator can de- 
termine the status of the charge at any time. The rheostats 
are provided with a surplus of resistance, so that less than 
forty cells in a series can be charged, if necessary. А 
portable voltmeter with a capacity of about three volts is pro- 
vided to take the voltage readings on the individual cells. Cells 
are charged, ready for service, when their voltage reaches a valuc 
of 2.6. When more than cighty cells are to be charged, two, 
three or more racks can be combined, and all the cells can be 
* charged at one tim». 


After the batteries are charged and the contacts and housings 
have been carefully cleaned, the lamps are reassembled and 
hung up on special racks, from which the miners remove the 
lamps, when they begin a new shift. 

For mines using a large number of lamps, it is essential that 
charging, cleaning and repairing be handled systematically 
and with proper care. For this reason special lamp houses are 
being erected on the same general principles as those for the 
Davy safety lamps, but simpler and cheaper, because it is 
not necessary to make special provision for the safe storage 
of the fuel, like benzine. The ground plan shown in Fig. 11 
represents a lamp house erected for 4000 lamps. It consists 
of a building about 128 by 33 ft. (39 by 10 m.), containing a charg- 
ing room with twenty racks, six opening magnets, three small 
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motors for buffing and cleaning and a small distribution board 
with a watt-hour meter. To the left of the charging room 
is the storeroom for receiving the lamps when they are ready for 
service, and to the right is a small 
shop for making repairs. Besides this 
a small room has been provided for 
a number of benzine lamps, which are 
being carried for the fire bosses, and 
on another floor a washroom for the 
crew. 
| Ji HU HU Feil Ms 3 ° Proper care of the lamps has con- 
| ШШ йт siderable effect on the reliability of 
the service. One of the large Ger- 
man mines, having several thousand 
electric lamps im daily use, reports 
that at first about five per cent of 
al lamps taken into the mine with 
the beginning of the shift were re- 
turned at the end of the same shift, 
either burning poorly or not at all. 
Т | By a careful study of all details in 
| Fic. 10 the lamp house and by putting a 
skilled man in charge of the lamp 
house work, this percentage has been reduced to less than 1.5, 
with the expectation that it will soon drop below one per cent. 
That this last-nanied figure is not an exception, is verified by 
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the Bullcroft Main Colliery Company, Ltd., Doncaster, England. 
This company has more than 10,000 lamps in daily use and 
reports the number of defective lamps per shift to be less than 
one per cent. 
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The investigation of these defects, 1f they amount to 1.5 per 
cent, shows the following: 


Defects caused by the incandescent lamps. 


Lamps, burning дагЕ..................... 0.6 per cent 
s with broken filaments............. 02 * Т 
E s “ bulbs.: y. u iue Q 02 = “< 
Total incandescent lamp defects.......... — 1.0 per cent 
Defects caused by the batteries 
Batteries, lceaking........................ 0.1 per cent 
Е discharged ahead of time........ . 03 * s 
Total battery defects................. — — 0.4 
Defects due to other самзез..................... 01 * s 
Total number of defective lamps. ..... 1.5 per cent 


Records covering cost of installing and operating electric 
mine lamps in this country are not available to any extent, be- 
cause the number of lamps installed is so far not very large and 
the time during which they have been in operation is com- 
paratively short. However, it should be possible to form some 
idea of what can be expected, from the experience in Europe. 

Although the first cost of electric lamps is undoubtedly higher 
than that of benzine lamps, the cost of operation, including 
maintenance, is claimed to average from ten to fifteen per 
cent less for electric lamps than for benzine lamps. Whether 
the same results can be obtained in this country, the future 
will have to decide. It may be added that the cost of the elec- 
trical energy is very small and that the cost of maintenance 
consists about one-third of labor and two-thirds of renewal of 
parts, and depreciation. 

Especially of importance is the cost of renewing the electrodes 
of the storage batteries, replacement of complete lamps, which 
are broken on account of rough handling and accidents, and 
renewing the incandescent lamps. 

The life of the electrodes for lead cells ranges from about 
100 to 400 shifts, depending entirely upon the treatment which 
they receive. At the present time large claims are being made 
for the alkaline cell, which is supposed to last as long as 2000 
shifts. This, however, requires verification by actual tests., 
Besides this, it must be borne in mind that the higher cost of the 
alkaline. cell, the necessity of using two cells, in series, instead 
of only one as in the lead battery, and the increase in the renewal 
of the incandescent lamps, due to the large variation in the vol- 
tage, will fully wipe out this apparent advantage. However, 
the weightiest argument against this claim is the fact that the 
physical life of mining lamps cannot reach 2000 shifts, as shown 
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below, and that the natural deterioration of all parts is con- 
siderably below this limit. 

The replacement of complete lamps which are broken on 
account of rough handling and accidents undoubtedly varies 
more or less in accordance with the character of the work per- 
formed in the mine. European practise shows that abeut 0.1 
per cent of all lamps per shift are lost in this manner: 

The. incandescent lamp renewal already has been expressed 
in figures, in connection with the reliability of service. Ex- 
cellent results have been obtained, the average life of the lamps 
being approximately 1000 hours. 

From the lamp designs and the lamp service as described 
above, it can be seen that the development of the portable electric 
mine lamp has made rapid progress during the last few years, 
and since, up to this writing, no explosions have occurred where- 
ever installations have been made, it can be said without ex- 
aggeration that the electric mine lamp is a success and that it 
is bound to be adopted more and more. 

Of course, as is the case with any new appliance, objections 
have been raised against the electric mine lamp, especially, 
because it does not detect in flammable gases as the Davy safety 
lamp does. "There is no doubt that this detail will be overcome 
in the near future, as there are several principles which can be 
used for the construction of mine gas detectors. In fact, the 
German Government only lately has ordered several hundred of 
these devices, constructed in accordance with the directions of 
Dr. F. Haber on the acoustic principle and known as '' mine 
gas whistles." These will be distributed to the various mines 
for a thorough trial. 
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Discussion ом “ Dynamo ELECTRIC LIGHTING FOR MOTOR, 
Cans " (WALLER), “ ADVANTAGES OF CLUTCH TYPE GEN- 
ERATOR AND SEPARATE STARTING AND LIGHTING UNITS 
FOR Motor Cans" (CHURCHWARD), AND “ ELECTRICAL 
EQUIPMENT OF GASOLINE AUTOMOBILES " (CoNRAD), NEW 
York, N. Y., NOVEMBER 14, 1913. (SEE PROCEEDINGS 
FOR NOVEMBER, 1913.) 

. (Subject to final revision for the Transactions.) 

H. Ward Leonard: I should like to put before the meeting 
what I think are a few of the desirable features we should strive 
to reach in an automatic lighting system for charging a storage 
battery and operating the lights upon a motor car, and I think 
the same conditions, so far as the automatic lighting and charg- 
ing are concerned, may apply equally well to the case of train 
lighting. These are very broad generalities that I shall specify 
and while, in each case, they may have been already realized 
in some one of the various systems, I am not sure that 
there is upon the market at the moment any one system 
that contains them all. The points to which I refer are as 
follows: 

1. The automatic regulator shall so control the dynamo out- 
put that under all working conditions, including accidental 
short circuit, the dynamo current shall not exceed its normal 
full-load rated current. 

2. The automatic control shall be such that current will be 
forced through the battery even if its resistance be abnormally 
high due to bad sulphating of the plates caused by neglect, 
the object being to insure the automatic removal of all sulphate, 
thereby restoring the battery to good working condition. 

3. All movable elements of automatic regulating devices 
shall act independently of dash pots, liquids, frictional driv- 
ing devices, pivots, oil, grease, graphite, centrifugal devices, 
and shall be substantially independent of the effects of gravity, 
and shocks of the road. 

4. The automatic regulator shall not have any part subject 
to wear and therefore requiring adjustment by the operator. 

5. The automatic regulator shall be unaffected by any changes 
of temperature met with in practise, and the dynamo current 
shall be independent of the changes of temperature to which 
its windings are subjected in practise. 

6. The racing of the engine shall not materially increase 
the current produced by the dynamo even momentarily, the 
object being to avoid subjecting the lamps to excessive voltage 
with consequent blackening and possible instantaneous burnout. 

7. As soon as the battery is so fully charged as to be gas- 
sing strongly, the current shall be automatically reduced to 
prevent the driving off of the water of the battery solution. 

8. There shall be provided in plain sight of the operator an 
automatic indicator, which shall continually and positively 
indicate whether the battery is fully charged or not, and whether 
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the battery is being charged or discharged, and the value of 
the current into or from the battery. 

9. In case the battery be broken or inoperative for any 
reason, it shall be possible for the lamps to be operated by the 
dynamo alone, under ordinary operating conditions. 

My experience in this line dates back to the time when, in 
1888, I put on the first train lighting system in this country, 
which operated between Chicago and Milwaukee, and I learned 
at that time, or thought I did, that the chief problem in a case 
of this character is to maintain the battery in perfect condition, 
in a condition ready to perform its duty at all times; and this 
seems to be equivalent to saying that the battery must be 
kept absolutely free from sulphate and able to deliver its full 
capacity. I think that is the case in the lighting and 
storage system in automobiles where there is such a strong 
demand made upon the battery relative to the area of the plates. 
It is necessary to keep that battery in perfect condition all the 
time if we are going to avoid failures in the future. My opinion 
of the matter is that this boils down to the statement that 
the whole problem really hangs upon the design of the con- 
troller of the dynamo. 

Leonard Kebler: In reading over the paper by Mr. Church- 
ward, I notice a statement which differs from my previous 
ideas upon this subject. 

Mr. Churchward, speaking of the constant-speed dynamo, 
says: ‘Its efficiency, even with great slipping of the clutch, 
is higher than that of a machine controlled by a bucking series 
coil, or by regulation of the field current. ” 

This statement is quite contradictory to the theory which 
I have always held in regard to this matter, and I therefore 
have had some tests made to check this up. 

The theory pertaining to this is that when a motor arma- 
ture is driven at a constant speed and generates a constant 
current under any one condition of the battery, with a con- 
stant field, then the torque necessary to drive this armature 
must be constant. The driver of a slipping-clutch-controlled 
armature varies in speed, but, as stated above, the torque re- 
mains constant. The power of the driver is the product of the 
torque times the speed, so in this case the power will vary di- 
rectly as the speed. 

In practise the clutch begins to slip at a speed of approxi- 
mately 14 miles (22.5 km.) an hour, and at higher speeds the 
amperes remain practicaly constant under any one circuit 
condition. My theory is that at 42 miles (67.5 km.) per hour 
the dynamo will require at least three times the power that it 
does at 14 miles (22.5 km.), although the output remains con- 
stant. 

The results of my tests indicate that this theory is correct. 
This additional power necessary at higher speeds 1s represented 
by the heat generated by the friction clutch, and Ьу the addi- 
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tional power necessary to drive the fan which is used to cool 
this clutch. 

This friction of the slipping clutch necessarily entails a cer- 
tain amount of wear, consequently a periodic readjustment of 
the clutch is necessary. Otherwise, the ampere charging rate 
will become gradually lower until the operator’s attention is 
forcibly called to the low rate by the fact that the battery is 
not sufficiently charged. 

Mr. Waller described a system which employs a shunt-wound 
dynamo having a vibrating arm in the field circuit, this arm 
being actuated by the armature current, to rapidly insert and 
cut out a resistance in series with the field, so as to keep auto- 
matically a constant armature current. I know from tests 
made in the past that such a system takes practically the 
same power to drive at all speeds above say 14 miles per hour, 
so I assumed that it was more efficient than the one of which 
Mr. Churchward says, “ Its efficiency, even with great slipping 
of the clutch, is higher than that of a machine controlled by 
PUT regulation of the field current. ” 

The tests made were as follows: А variable-speed electric 
motor, the speed variation being obtained by inserting resistance 
in series with the field, was run idle at various speeds in order 
to find the power necessary to run it idle at these speeds. It 
was then direct-connected to one of the dynamos equipped with 
a slipping clutch control, and was run at varying speeds with 
both the dynamo armature circuit and the field circuit open, . 
in order that we might find the increased power necessary to 
overcome the friction losses, fan loss, etc., of the dynamo. The 
same tests were then made with one of the shunt-wound dynamos 
employing vibratory control in the shunt field circuit, described 
by Mr. Waller. Then separate runs were made with each of 
these two dynamos, the dynamo in each case being connected 
to a three-cell storage battery and the controller arranged in 
each case to deliver approximately 8 amperes. The results 
of these tests are shown graphically in Fig. 1. 

The tests show that at about 2450 rev. per min. the motor 
driving the dynamo with the slipping clutch required 21 times 
as much power to drive as it did to drive the shunt-wound 
machine with the vibrating controller. In each case the am- 
peres generated were about 8. 

It should be remembered that this includes the loss in the 
electric driving motor, and if we deduct the amount of power 
necessary to drive the driving motor idle at 2450 rev. per min. 
from the amount of power required when the slipping clutch 
tvpe machine and the shunt-wound machine respectively were 
being driven bv it, we find that the additional power necessary 
to drive the slipping clutch machine is practically 3.8 times 
that necessarv to drive the shunt-wound machine with the 
vibrating regulator. 

It is common practise to drive the driving member of the 
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WATTS TO DRIVER ARMATURE 


REV. PER МІМ. ОҒ DRIVER 


Fic. 1—PowER NECESSARY TO DRIVE DYNAMO WITH SLIPPING CLUTCH 
CONTROL, AND DYNAMO WITH VIBRATORY FIELD CONTROL, AT VARIOUS 


SPEEDS. 


Curve A—Power taken by driving motor, running idle. 

Curve B—Motor driving dynamo with vibratory control, all circuits open. 

Curve €— Motor driving dynamo with slipping clutch control, all circuits open 

Curve D—Motor driving dynamo with vibratory control, charging three-cell battery 
at rates varying from 8.2 to 9 amperes. 

Curve E— Motor driving dynamo with slipping clutch control, charging threc-cell battery 
at rates varying from 6.5 to 8.5 amperes. ‘ 
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slipping clutch dynamo in question at 2.7 times engine speed. 
With this drive a speed of 2450 is the equivalent of about 
30 miles (48.2 km.) per hour of the average motor car, geared 
3i to 1 at the back axle with 36-in. (91-cm.) wheels. When 
geared in this way the slipping clutch dynamo will give its 
full output, and the clutch will begin to slip at about 13 or 14 
miles (21 or 22.5 km.) an hour. It will be noticed that at 30 
miles (48.2 km.) per hour the slipping clutch dynamo takes about 
330 per cent more power to drive it than it does at 13 miles 
(21 km.) per hour. Under the same circumstances the power 
necessary to drive the shunt-wound dynamo with the vibrating 
regulator is only 25 per cent greater at the added speed. 
Almon W. Copley: Mr. Churchward's arguments for the use 
of a clutch type generator for automobile lighting are in several 
instances open to question. In his second reason he states that 
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the low speed of the armature even at high engine speeds insures 
long life and reliability. It seems to me that he is overlooking 
a very important part of the apparatus when he confines himself 
to the armature. It is true that this type of generator has a 
low armature speed, but one member of the clutch must revolve 
at very much greater speed, and moreover, it must be driven at 
this speed by gearing or chain drive from the engine. Mr. 
Churchward's curves show that this part must run at about 21 
times engine speed and the problem of driving at this speed is a 
very serious опе. Will not the bearings of this part of the ma- 
chine wear much more than those of the armature of an engine- 
speed bucking series coil tvpe generator, or one driven at 13 
times engine speed? The question of the wearing of the chain 
or gears and the quietness of the drive must also be considered. 
But the most objectionable feature of the clutch type machine is 
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the clutch itself. It can hardly be supposed that this clutch, 
slipping as it does practically continuously, can stay in proper 
adjustment and can have either the long life or the reliability 
of a machine not using this device. When the engine is running 
at 1500 rev. per min., i.e., 40 miles (64 km.) per hour car speed, 
one clutch member is revolving at 3750 rev. per min. and the other 
at 1200 rev. per min., and with this slipping of 2550 rev. per min. 
there is transmitted energy to drive the armature and charge the 
battery at 8 or 10 amperes, it can easily be seen that there will 
be a great amount of heat generated at the slipping surface and 
consequent heavy wear and shortened life of the parts. | 

This also shows the weakness of the fifth argument advanced 

by Mr. Churchward for the use of this type of machine. 

. The answer to the third argument, t.e., the comparative 
efficiency of slipping clutch type and bucking series coil type ma- 
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chines, is also suggested by what I have said. If there is a large 
amount of heat generated at the clutch the efficiency of a machine 
incorporating 1t must below. Tests just completed on the latest 
designs of the best-known make of each of these two types of 
machine demonstrate this. The curves in Figs. 2 and 3 
show the results of the test. Fig. 2 gives the efficiences of 
the two machines at varying speeds while carrying only the bat- 
tery charging current (the lamp load disconnected). Fig.3 gives 
the efficiency with an 8-ampere lamp load connected. It seems 
to me that these show clearly the falsity of Mr. Churchward’s 
theory. The efficiency of the “ bucking series coil " type is 
lower than that of the '' slipping clutch "' type only at very low 
car speeds with lights off, and at medium and high car speeds, or 
at all speeds when the lights are on, the former is very much 
higher than the latter. The dropping off of the efficiency of the 
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bucking series coil tvpe at high speed 1s not such as to indicate 
extreme core loss under this condition as Mr. Churchward 
implies. 

Bv reference to the curves the amount of energy absorbed bv 
the clutch can be figured. It is fair to assume that the losses in the 
armature of the machine are the same at all clutch speeds above 
1200 rev. per min., as the armature runs no faster than this. 
At 1200 rev. per min. the efficiency as shown in Fig. 2 is 40 per 
cent. The energy supplied the battery 1s 66 watts. “This makes 
the losses in the armature 99 watts. Now at 50 miles (80.5 km.) 
per hour (5000 rev. per min.) the energy supplied the battery 1s 
the same and the armature loss is the same, totaling 165 watts, 
while the total energy required to drive the machine is 800 watts. 
This means that 635 watts are absorbed by the clutch (almost a 
horse power). Тһе clutch cannot absorb this energy without 
getting excessively hot and certainly cannot stand this condition 
without rapid deterioration. 

I wish also to point out that the slipping clutch tvpe of machine 
is not well adapted for the application of ignition parts to it. 
The best tvpe of machine for this purpose is one driven at engine 
speed for four-cylinder engines or 14 times engine speed for six- 
cylinder. The combigation of the two functions in one machine 
is highly desirable, as it is economical to keep the number of units 
on the engine a minimum, provided combinations can be made 
which do not sacrifice anything as regards the performance, life 
or reliability of any of the individual parts. 

Both Mr. Churchward and Mr. Conrad have pointed out the 
desirability of keeping the starting motor and the generator in 
separate units, on account of the inhcrent characteristics of the 
machines being so different. Mr. Conrad has shown a combined 
lighting and ignition generator, however, which sacrifices nothing 
in either the generator or the ignition system. The use ot this 
machine with a starting motor makes necessary only two units; 
on many of the small engines it is necessary to limit the electrical 
equipment to this number of units on account of lack of room for 
more. On the larger engines, also, it is desirable, as it secures 
the neat, clean appearance of the engine so much sought for by 
engine and car builders. 

I would also take exception to the statement Mr. Waller makes 
in терага to the merits of the double-wire and single-wire systems 
of wiring. It should be remembered that almost invariably one 
side of the battery is grounded—this being done on account of 
the ignition, which is always of the single-wire system. There 
is no question as to either the current-carrving capacity or con- 
ductivity of the car frame. Therefore, the use of two wires 
simply introduces an unnecessary complication and a higher re- 
sistance return path for the current than the car frame. 

With the single-wire system the wire can be better insulated 
and still take up much less room than the two wires of a double- 
wire system. The problem of the insulation of the sockets, 
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lamps, and other fixtures is much simpler with the single-wire 
system, as more room is available for this purpose. In any elec- 
trical circuit of moderate voltage, whether for railway work, 
lighting or power work, the single-wire system would invariably 
be used were it not for the problem of obtaining a good ground 
return on account of such complications as electrolysis, difference 
of earth potential,etc. None of these complications is met in the 
automobile frame and there is no reason at all for complicating an 
inherently simple system by making it two-wire. Single-wire 
systems are now used quite extensively for car wiring and have 
demonstrated their practicabilitv and simplicity. 

A. D. T. Libby: When the chairman made the statement that 
the starting and lighting svstems were getting down to a point 
where it was a question of the survival of the fittest, he hit the 
nail on the head. I believe the whole trend of automobile 
lighting and starting is fast coming to that point. In the early 
days, before they had magneto ignition, they started out with 
four cells of dry battery, giving six volts. Finally some one who 
had some trouble with his drv cells put on storage batteries 
equivalent to his dry cells, and they have stuck right along at 
six volts. The whole trend of engineering, from a power апа 
electric light man's standpoint, is the other way, upward, instead 
of downward. 

There is a mean to АП things. If you adopt the 24-volt system, 
then you must have a controller with a large number of multiple 
contacts to throw the batteries from series, used in the starting, 
over to multiple, for the lighting, and the complications involved 
in this kind of a system are altogether too great for operating in an 
automobile. I am strongly in favor of, and have always advocated 
the 12-volt system. It gives the advantages of a higher voltage 
system without the disadvantages due to complications in the 
wiring, switches, controllers, etc., and it gives a system which is 
as simple as the six-volt system, without the many disadvantages 
thereof. There is no question but that a 12-volt starting motor 
has more “kick " in it than a six-volt machine. With six volts 
your brushes are subjected to more or less dust and dirt and you 
are troubled with these contacts which the low potential will not 
go through as readily as the 12 volts. I think the final survivor 
in the starting and lighting work will be the 12-volt system. 

The question has been brought up of the single-wire system 
of lighting cars. There are a number of car makers who are 
turning out a large number of cars this year with single-contact 
lamps. I think this kind of a system is wrong. If there is 
a ground on any one wire of your system, the whole thing is put 
out of action, while with the 12-volt, two-or three-wire system, 
or even with the six-volt metallic system, without any ground, 
if you should happen to get a ground on one wire it will not trouble 
you at all; in that case you have two chances instead of one. 
I believe that the single-wire contact systems now being put 
out will give more or less trouble in the future. They may 
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not give any trouble while the car is new, and the wiring is in 
good order, but when the parts begin to get out of order the 
trouble will start. 

The last speaker raised the point that in the one-wire system, 
the battery being grounded, trouble was experienced in the 
ignition system when starting on the battery. The company 
with which I am connected makes an ignition system that 
operates with or without a grounded battery, it does not make 
any difference. We can arrange it in any way desired, and that 
objection would not have any weight so far as this particular 
system 1s concerned. 

I agree with the argument of Mr. Churchward, and the other 
gentlemen, in favor of three units. The starting and lighting 
are entirely different, and should be kept separate on account 
of the difference in the characteristics of the machines, and it 
is very evident to one who has gone over this problem that 
you can build the two individual machines, and get higher 
efficiency out of each one, than you can by combining the two 
into one machine. It has been my experience, too, that the 
simpler you can make a piece of apparatus, especially a thing 
you put into an automobile, the better off you are; because 
when it goes into the hands even of the car builders, it 15 sur- 
prising the things thev will do to it. The electric motor- 
starting svstem has received a black eye, on account of the 
complications put in, in'all the early systems, and it is now being 
recognized that these complications must go. 

There is one point, on the last page of Mr. Churchward's 
paper, that is a little misleading. "That is where he states that 
the difference between the weight of the batteries in six-volt 
and 12-volt svstems will be 10 per cent. "That 1s, the increase 
of weight will be approximately 10 per cent, or as much as the 
weight of the generator unit itself. Now, if he has a generator 
that weighs 11 Ib. (5 kg.) his statement is correct. Otherwise 
it is not correct, because you can look in the catalogs of prom- 
inent automobile battery manufacturers, and you will find that 
a 100-ampere-hour battery weighs 59 lb. (26.7 kg.), and a 
50-ampere-hour weighs 70 lb. (31.7 ky.), a difference of 11 Ib. 
Anv generator suitable to charge such a battery does not weigh 
less than 20 Ib. (9.1 kg.). 

Mr. Waller states that the battery should be capable of tak- 
ing the maximum output of the dynamo indefinitely, and Mr. 
Churchward states that a dynamo which was giving enough 
current to take care of the lights, would in time overcharge 
the battery. I think that Mr. Waller's statement 1s nearer 
correct than the other in that respect. 

Harold Goodwin, Jr.: Taking a previous speaker's objec- 
tions to the single-wire system as premises, the question may 
be discussed from the experience of lighting companies. People 
generally do not test electrical apparatus for grounds until 
trouble occurs. Therefore, one side of a two-wire system 
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might be grounded and the automobile would continue to run 
practically on the one-wire system with all its objections till 
the second side became grounded. The installation of indica- 
ting test lamps to avoid this, would lead to questions and com- 
plications worse than the original trouble. "Therefore, it would 
seem that one well-insulated wire with simple wiring will prob- 
ably be the victor. 

C. E. Wilson: I have noted a number of points in the paper 
by Mr. Churchward, principally in the comparison of the 
clutch and differential series generators, to which I wish to call 
attention. 

1. The tapering charging current shown in Fig. 1 of the paper 
is claimed to be due to the fact that the generator is of the 
clutch type, and the statement is made that the charging cur- 
rent will decrease from ten amperes to about four or five am- 
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GENERATOR AT VARIOUS VOLTAGES 


Solid line curve, test at constant temperature. 
Dotted line curve, replotted from data in Fig. 1 of Churchward paper. 


peres when the battery is fully charged, that is, to a voltage 
of approximately 7.75 volts. A test was made on one of these 
clutch type generators at variable voltage and the results are 
shown in Fig. 4 of this discussion. In covering a range from 
5.5 to approximately 8 volts the charging current is only re- 
duced about one-half ampere. This test was made with the 
generator charging a battery, with a booster machine con- 
nected in parallel with the battery, thereby making it possible 
to change the voltage through a wide range. This made a 
quick test possible and eliminated the effect of heating in the 
clutch type generator. Comparing the results of this test 
with Mr. Churchward’s curve shown in his Fig. 1, it is evident 
that the decrease in charging current is due to the heating up 
of the clutch tvpe generator and is not characteristic of the 
clutch type generator only. This same effect is noted, pos- 
sibly to less extent, in the generator of the bucking series coil 
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type. In fact, a decrease in the charging current from ten to 
four or five amperes, as stated by Mr. Churchward, caused 
principally by the increase of resistance in the shunt field and 
the armature windings, certainly means an excessively hot 
machine. 

2. In showing a typical regulation curve of a generator with 
bucking series field Mr. Churchward shows (Fig. 2 of the paper) 
a very poor regulation indeed. On increasing the charging 
current from 4 to 7.5 amperes the curve shows an increase in 
voltage from approximately 6.9 to 7.5 volts. In Fig. 4 of the 
paper, for the same change in charging current a change in the 
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Fic. 5—REGULATION OF AUTOMOBILE LIGHTING GENERATORS 


"Solid line curves, bucking series field type. . 
Dotted line curves, slipping clutch type. 


voltage from 6 to 6.1 is shown. As this rise in voltage with 
increase in charging current is due almost entirely to the battery, 
the increase in voltage should be the same in both. cases and not 
as shown in the two figures. From tests on the two machines 
-which the writer has made personally under the same con- 
ditions of battery load, lamp load, etc., the regulations of the 
two machines are as shown in Fig. 5 of this discussion. 

3. In Fig. 3 of Mr. Churchward's paper no data are given 
as to the speed at which the generator is operating, and the 
lamp load at the different points. I cannot understand the 
change in the ampere and voltage curves shown at the end of 
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seven hours. Also the increase in current shown from the point 
at 34 hours to the point at 5 hours is very questionable unless 
the test was made under some unusual conditions, which I 
have been unable to duplicate. 

4. In Fig. 4 of the paper a current curve is shown increas- 
ing from 4 to 7.5 amperes and holding this value for all higher 
speeds. The title of Fig. 4 is, “ Voltage at lamps at different 
speeds.” I do not understand how there can be a voltage 
at the lamps unless the lamps are turned on, and from tests 
which I have made on the most recent of these clutch type 
generators, the current when the lamps are turned on is not 
7.5 but more nearly 4 amperes. Probably this same point 
was overlooked in Fig. 2 of the paper, where the regulation 
of the differential series generator is shown. It should be re- 
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membered that the voltage obtained at the battery without 
lamp load fluctuates more widely than when the lamps are 
connected in circuit, for when the lamps are turned on, the bat- 
tery charging current at a given speed, and thereby the battery 
voltage, is reduced. 

9. In Fig. 5 of the paper the lamp volts and amperes are 
shown with the generator disconnected from the storage battery. 
On making this same test on a clutch type generator of recent 
design, the regulation was as shown in Fig. 6 herewith. This 
voltage of approximately 8.75 at all car speeds above 12 miles 
(19.3 km.) per hour would undoubtedly burn out the lamps 
in a very short time and make operation on the generator with- 
out the battery impracticable. In fact, this point is of very 
little importance, for in the case of a battery of recent make 
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with proper terminals, etc., and a good job of car wiring, it is 
practically impossible for the circuit from the battery to the 
generator to become disconnected accidentally. 

6. In Fig. 6 of Mr. Churchward's paper the performance 
of what we might suppose to be a typical starting motor is 
shown. No mention is made of the voltage at which these 
curves were obtained. The motor operates on a six-volt stor- 
age battery whose voltage, especially if the battery contains 
only 50 per cent or less of charge, drops very rapidly at high 
currents. As a matter of comparison, I have shown in Fig. 7 
herewith a test on a starting motor, of the type described by 
Mr. Churchward, on the actual voltage which can be obtained 
on a car. This motor was of the four-pole circular frame type 
and weighs about 45 lb. (20.4 kg.). The motor whose curve 
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Solid line curves, standard 45-lb. starting motor. 
Dotted line curves, performance of motor shown in Fig. 6 of Churchward paper, 
replotted for comparison. 


starting motor that it must be very large and heavy or have 
some unusual features which should be explained. Another 
point worth mentioning is the fact that five or six hundred 
amperes starting current cannot economically be drawn from 
an 80- or 100-ampere-hour storage battery. 

Benjamin F. Bailey: When engineers first began work upon 
the problem of applying electric lighting to the motor car, 
most of them proceeded upon the principle that the outfit should 
be a miniature reproduction of a large storage battery station. 
The writer of this discussion, on the other hand, has always 
worked upon the assumption that the simpler the apparatus, 
provided it would operate, the better. "This attitude naturally 
led to the adoption of the differentially compounded generator. 
It will unquestionably operate. It involves no moving parts 
in the regulating apparatus, and the chances of trouble are, 
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therefore, very remote. There are absolutely no adjustments 
to be made, as there is nothing to get out of adjustment. 

The next problem was to devise a method of connecting and 
disconnecting the generator from the battery at the proper 
times. It was desired that this apparatus should be com- 
parable in simplicity with the generator, namely, it must be 
so simple that it could readily be understood by the average 
owner or garage man, it must be non-adjustable, and as far . 
as possible, it must be infallible. Particularly, it must never 
fail to open the circuit when the engine comes to rest. 

To secure these advantages the writer was forced to abandon 
the usual procedure of connecting the generator to the battery 
when the vollage was correct, and instead, make the connection 
when the speed was right. As soon as the connection is made 
the voltage of a differentially compounded generator automat- 
ically adjusts itself, for reasons which it is unnecessary to dis- 
cuss here. 

The means for doing this is the mercury switch shown in 
Fig. 8, herewith. The construc- 
tion is nearly self-explanatory. 
It may be pointed out, how- 
ever, that the containing shell is 
without joints, except where the 
threaded sleeve passes through 
the shell. The mercury never 
touches this joint, except pos- 
sibly at the instant when the 
switch opens, due to the stop- 
ее TEE ping of the engine. ‘There is, 
therefore, no trouble from leak- 
age. The contacts are of steel, 
and even after thousands of 
breaks show no corrosion. This switch is mounted on the generator 
shaft inside the housing, and the complete unit, including reg- 
ulating devices and cut-out, is therefore self-contained. 

The writer believes it will be conceded by all that this ar- 
rangement leaves little to be desired from the standpoint of 
simplicity and reliability. It remains to consider what dis- 
advantages, if any, we suffer as compared with the more com- 
plicated constant-potential systems. Mr. Churchward men- 
tions five points in favor of his system, in which approximately 
constant potential is secured by operating the generator at 
approximately constant speed. А centrifugally operated slip- 
ping clutch is inserted between the engine and the generator. 

Mr. Churchward’s first point is that a constant-potential 
system charges the battery at a high rate when the battery 
is low and at a low rate when it is high. The charging rate 
of a so-called constant-current system is nearly the same ir- 
respective of the charge. Thus there is a small waste of power, 
and the battery solution loses water faster than would other- 
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wise be the case. The first consideration is almost trivial, 
since the cost of the added power to develop the wasted power 
is too small to consider. Probably it is necessary to add dis- 
tilled water more frequently to the battery, but the writer has 
now operated his car for over two months, during which time 
he has driven over 1000 miles (1610 km.) without adding a drop 
of water to the battery. The battery had stood without at- 
tention and without the addition of water for about two ad- 
ditional months before installation in the car. This is not 
recommended as a reasonable way to treat a battery. The 
writer merely wanted to see what would happen to a battery 
subjected to unreasonable use. 

Mr. Churchward makes the statement that the efficiency of a 
constant-speed generator with slipping clutch is higher than 
that of a “ bucking field". generator. With the former 
machine, if the constant speed is say 800 rev. per min. it is en- 
tirely possible that the driving member of the clutch is revolv- 
ing at 3200 rev. per min. The torque on the two members 
of the clutch is the same and the clutch efficiency is 25 per cent. 
The combination efficiency would be not over 60 per cent of 
this, or 15 per cent. Actual tests of the system I am describ- 
ing shows an efficiency of not less than 50 per cent at the above 
speed, and a somewhat higher efficiency at lower speeds. It 
must be remembered that the core loss does not increase in 
proportion to the speed, since the flux is weaker at the higher 
speeds. 

The point is also made that it is possible to operate a con- 
stant-potential system with the battery accidentally discon- 
nected. Undoubtedly this is so, but it should be pointed out 
that the same is true to a certain extent of a properly designed 
constant-current system. The writer finds that for speeds 
between 15 and 30 miles (24 and 48.2 km.) per hour, the light- 
ing is satisfactory,.and no difficulty would be experienced in 
getting home with the light generated in this way. 

The company with which the writer is associated builds 
only six-volt systems. We believe that a somewhat more effi- 
cient motor may be built for 12 volts, since the commutator 
loss will be less, but are inclined to think that the greater weight 
of the 12-volt battery more than makes up for this. 

The question whether it is better to have the generator and 
the cranking motor separate units or to combine the two 15 still 
an open one. The writer has designed and built both types. 
There is little difference in weight. The single-unit system 
is more convenient from the standpoint of the operator, since, 
as usually applied, no shifting of gears is necessary, this being 
accomplished automatically by the mechanism. This is not, 
however, an invariable rule. 

With the two-unit system, it 1s believed that it is preferable 
to design the motor powerful enough so that only a single re- 
duction gearing need be used. This is usually accomplished by the 
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use of a pinion on the motor shaft and a gear bolted to the fly- 
wheel or cut in the face of the flywheel itself. “This requires 
a larger and more powerful motor, but the much higher effi- 
ciency (due to the lower gear loss) and the saving in the weight 
and cost of the gearing, will more than offset this. "The total 
gear reduction would be about ten to one. 


Fic. 9—ASSEMBLY OF TIMER AND DISTRIBUTOR 


I am a strong believer in the use of the same system which 
supplies power for lighting and starting, for ignition also. Since 
it dispenses with a number of the parts of the magneto it can 
be made more reliable than the latter. Two strong points in 
its favor are that it can supply a strong spark even at zero 
speed, and the fact that the spark advance ona properly de- 
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signed system is absolutely unlimited. This is a point against 
the magneto which is often not given the attention which it 
deserves. š 

In Fig. 9, herewith, is shown the mechanism of the ignition 
device used in the system I am describing. This arrangement 
gives a quick break, the speed of the break being absolutely 
independent of the speed of the engine. Provision 1s made for 
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the possibility of a momentary backward rotation of the engine 
by the use of a double ratchet arrangement applied to the cam. 

The arc of contact is constant, and therefore the time of 
contact is greater for low speed. To avoid too great a difference 
in the strength of spark at low and at high speeds a “ quick ” 
coil is used so that time is afforded for it to become practically 
saturated even at high speeds. 

A great number of tests have been carried out upon different 
ignition systems, to determine the output in joules per spark. 
This, as pointed out by Mr. Conrad, is not entirely a fair com- 
parison, since not only the total energy per spark, but also the 
rapidity with which it is liberated, is of importance. In other 
words, what happens after the gas has been ignited is of no 
importance. Our knowledge regarding: some of these points 
is rather limited, and perhaps the total energy per spark is as 
good a measure as any. The curves shown in Fig. 10, here- 
with, give the results of some of these tests. Coils D and E 
are of the writer’s design. Magnetos A and B are both well- 
known makes. Coil C is that of a well-known constant spark 
system. All of these outfits gave good results in service, and 
all except coil C have been personally tested by the writer upon 
actual cars. Coil D is the one the writer uses for general pur- 
poses. As a matter of fact, coil E seems to give as good re- 
sults, except possibly in starting a very cold motor. Magneto 
A is a very large one weighing over 30 lb. (13.6 kg.), and is in- 
tended for low-speed work. The magneto outputs are those 
obtained at the best point of spark advance. In actual service, 
at high speed and large angle of advance, the output would 
be much less. 

Kingston Forbes: Let uslookat the question of starting and 
lighting an automobile from the automobile engineer's stand- 
point. When the automobile manufacturer has decided to in- 
stall electric lighting and starting apparatus on his cars, he turns 
to the trade papers, and finds there are some 42 different outfits 
being marketed by electrical manufacturers throughout the 
country for this purpose. Not being an experienced electrical 
engincer, he has to depend on the recommendation of the 
salesman-engineers, and he 15 confronted with the problem of 
whether to use a 6-volt, 12-volt, or 24-volt starting and light- 
ing circuit. The essential requirement in an automobile is to 
get it as simple as possible. The multiplicity of control in the 
present automobile is greater than a great many of the opera-, 
tors and laymen care to handle. This makes the simplicity 
of the electrical apparatus an important consideration. The use 
of the 12-volt or 24-volt system necessitates complicated wiring 
and switching, and the automobile manufacturer does not like 
to confront his customers with this proposition. 

Studying this situation carefully, it seems to me that the single- 
wire system affords the greatest simplicity in respect to the light- 
ing system of thecar. Inlooking over the chassis of a car, if there 
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is a multiplicity of wires incident to the lighting and starting 
system it frightens the admirer of the automobile. With the 
use of the single-wire system, it 1s possible for the chassis and 
body to be so wired that by three disconnections the body can 
be disconnected from the chassis, and the chassis can be so wired 
that all visible evidence of the wires is practically eliminated. 

Another problem connected with electrical apparatus is where 
to put the various units. There are two or three alternatives 
offered to automobile engineers—the single-unit system, the 
double-unit system, and the three-unit system. It seems that it 
is not advisable to complicate matters to the extent of having 
one piece of electrical apparatus to supply the demands of 1р- 
nition, lighting and starting. It seems to me that the electric 
starting motor in its simplest form, series-wound, would take 
care of starting, and, going a little further, it would seem that a 
generator, with a combined apparatus to take care of ignition, 
should be the logical consequence. ‘This cuts down the elec- 
trical equipment to two pieces of apparatus, which, to go a little 
further, can be coupled up directly to the water pump shaft. 
By installing the generator like an ignition outfit, connected to 
the pump shaft, we get a direct-coupled system which is very 
easy to install when the chassis 1s being assembled. 

As regards the installation of the starting motor, different prob- 
lems are presented to us, inasmuch as the position of various 
other parts of the engine 15 fixed їп accordance with the designer's 
ideas. "This makes it necessary for the starting motor to be 
placed 1n such a way that it will not interfere with other parts 
of the chassis. | 

Still another problem which confronts the automobile engi- 
neer is the mode of operating the starting motor—whether bv 
means of a simple switch or a complicated set of levers and over- 
running clutch and gear reduction sets. We look to the elec- 
trical engineer to simplify the application of starting motors, 
and the automobile engineers must coóperate. 

Up to the present time considerable trouble has been exper- 
ienced with starting switches to handle comparatively low volt- 
ages and high amperages. 

Alexander Churchward: I have been trying for four years to 
get,a discussion openly on the slipping clutch machine. All I 
could get was the statement, “ We do not use slipping clutches ” 
But the fact remains that between thirty and forty of the leading 
automobile manufacturers throughout the United States and 
Europe are being supplied with the slipping clutch machines 
and these companies find by actual test that they cannot get 
similar good results with any other appliance. They would like 
to be able to dispense with these slipping clutches if they could, 
but they cannot. 

As to criticising the slipping clutches in regard to mechanical 
adjustment, all I can say 15 that they do not need as much and 
as frequent adjustment as the vibrating regulator machines now 
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inthe market. Ihaveseenthem tested against the slipping clutch 
machines which they claim wear so badly, when the latter stood 
up ten times as long without adjustment as the vibrating regu- 
lator machines. That is why so many companies use the slipping 
clutch machines. 

Alfred E. Waller: One of the most deceptive problems the 
automobile engineer has to face is the old question of the single- 
wire system with ground return. I believe that most people 
who recommend the single-wire system are not familiar with its 
application in automobile work. It is obvious that the metal 
car frame is capable of carrying current far in excess of the amount 
required by automobile lamps. The point is that it is not an 
easy matter to get the current from the lamp terminals to the car 
frame and from the frame to the battery, due to the difficulty of 
obtaining good ground connections which will not corrode. 

In motor car headlights, as they are made at the present time, 
the socket that holds the lamp is brazed or otherwise securely 
fastened into a parabolic reflector of spun metal. The reflector 
is held in the headlight by an expanding ring which fits in 
the front cover of the lamp or by some other equivalent means. 
There is no doubt that the current may be carried satisfactorily 
on any kind of a continuous metal path, but this method gives а 
conductor full of joints which may or may not make good contact. 
You have to start with a socket and get from the shell of the socket 
to the reflector, and from the reflector to the lamp frame through 
the expanding ring. Then the circuit runs through the hinge and 
frame of the lamp to the lamp bracket, then to the carframe. The 
alternative is a ground wire from the socket to the car frame, and 
such a wire must not be merely clamped against the frame be- 
cause it will rust and corrode and consequently make poor contact. 
You have to drill the car frame and tap it and secure the ground 
wire by means of a screw set up tight so that you get a continuous 
metal path which cannot, under any conditions, be affected by 
corrosion. 

It was stated in the discussion that the wiring could be simpli- 
fied by using a single-wire system. Does it make any difference 
whether you run two wires in the same sheath or a single wire? 
The cost of the extra copper for the two-wire system is insignifi- 
cant. As far as large users of power are concerned, it should be 
remembered that all of the street cars of New York City are using 
the metal return. No buildings are wired with a ground return. 
Very few boats, and none of recent construction use ground return. 
The United States Navy has absolutely specified against it 
after trials which showed it to be unreliable and costly. 

Finally, if armored cable is used with the sheath forming the 
ground return, you have practically the two-wire system with one ° 
conductor entirely uninsulated, so that the system is operating 
at 50 per cent efficiency under the best conditions. I donot 
understand how any automobile engineer familiar with the 
difficulty in carrying current through ground connections can 
be deceived in the matter. | 
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EFrank Conrad: The only objection made to the bucking 
series type of generator was that it does not give the tapering 
charge described as being desirable for charging the battery. 
In Mr. Churchward's paper the first advantage given to the 
clutch type generator is that it charges a battery as it should 
be charged; that is, with a comparatively large current when 
the battery is low and empty, tapering off to a small charging 
rate when the battery is full and at the gasing point. 

Fig. 1 in Mr. Churchward's paper gives for the initial charge 
9.6, and for the finish about 7.75 amperes, and the battery which 
wil be required for a car installation with a starting motor 
would stand a continuous rate of 10 amperes, as pointed out by 
Mr. Waller. It is therefore evident that the initial charging 
rate obtained by the clutch type generator is no real advantage. 
Any tapering of the charge is probably due to heating rather 
than to increase of voltage. Comparative tests have been made 
of a bucking series generator and a clutch type generator, 
operated with a resistance load instead of a battery, so that 
the voltage was constant. The results showed that the actual 

taper of the bucking series generator is of a greater percentage 
` than the clutch type. That effect is due to the heating of the 
shunt coil. 

In his comparison with the high-voltage batteries, I believe 
(and the point has been brought up before by another speaker) 
Mr. Churchward takes a 6-volt battery and divides the plates 
in two. Of course, if the battery maker were making this bat- 
tery he could use a different plate to make the capacity even, 
and then the weight would not be so great. 

If the actual increase of weight was 10 per cent, with the 
average generator with which I am familiar, that would mean 
a battery weighing 200 lb. (91 kg.), probably 250 1b. (113 kg.). 

Alden L. McMurtry (by letter); Mr. Waller's statement 
that “їп practically all instances the system of running two 
wires to each lamp and fixture has been adopted," may be 
criticised. Automobile engineers are adopting the one-wire 
system on account of simplicity, stability, and freedom from 
electrical troubles. 

The automobile wiring problem is entirely different from 
that pertaining to the street car, steamship or railroad coach. 
The longest circuit is less than 100 in. (254 cm.), and the troubles 
encountered are all mechanical rather than electrical. The 
drop in voltage is less than in the average two-wire system, and 
the supposedly “ poor connections "' in the lamp are theoretical. 

I have made numerous tests on this subject, and my reasons 
for advocating the one-wire or grounded system are as follows: 

(a) It is stronger mechanically, especially in regard to re- 
ceptacles; simpler for average operator to locate wire troubles. 

(b) It will stand a higher insulation test. 

(c) The average electrically-lighted automobile has one side 
of the battery grounded to the ignition system, and has there- 
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fore actually a one-wire system, although subject to all the 
troubles of the two-wire system. 

(d) The connections are larger, insuring better contacts 
.at the lamp base. 

(e) The amount of current is too small to cause clectrical 
troubles, at connections to the frame of the car. 

Inspection of automobiles that have the one-wire svstem 
will disprove all arguments used against it. 

A point in the discussion of high-voltage systems which is 
of great importance is the size and form of the tungsten fila- 
ments. The six-volt lamp has a small concentrated filament, 
which makes it easy to focus the lamps. Higher voltage means 
a longer filament of smaller size, and therefore it will be a diffi- 
cult matter to focus a scarchlight properlv. In England, where 
the 12-volt svstem 1s almost universal, the various automobile 
lamp makers have various forms of reflectors which require 
a special type of incandescent lamp. This not only lessens 
the effectiveness of the lamps, but restricts users to lamp re- 
newals supplied only by one manufacturer. The candle power 
of the tungsten lamp is a secondary consideration to the form 
of the filament. The distance to which useful light is pro- 
jected ahead of the automobile is governed by the intensity 
of the lamp. Lamps of higher candle power caüse a greater 
drop in voltage, and therefore the intensity of the light, and 
the distance it is projected, is less, while the large area of the 
filament gives a beam of light of a slightly greater angle. 

Some of the arguments against the clutch type of generator 
are not based on fact. I have personally tested this tvpe of 
generator over a period of more than 600 hours' continuous 
running. The wear on the clutch surfaces was not perceptible, 
owing to the fact that the surface requires very little pressure. 
I have on my car a clutch type generator, which has been in 
constant use since December, 1910, and the only attention 
required was for lubrication, which was needed about once 
every six months. The rate of current output has decreased 
approximately seven per cent during this period. 

Frederick S. Dellenbaugh, Jr. (by letter): In the early 
development of any new apparatus correct operation and re- 
liability are of prime importance and the criteria of success. 
But as the art develops refinements 1n all directions are intro- 
duced and one of the main aims is improvement in efficiency. 

This is clearly to be seen in the present case with electric 
lighting generators for automobiles, and more attention is 
being given to decreasing the power losses. The gas engines 
themselves are cut down in every detail to add a little to the 
efficiency and therefore the choice of a lighting generator, other 
things being equal, should be governed by the requisite input. 

Though of course the most dependable comparisons are based 
on actual tests, provided they are accurate and made under 
conditions actually duplicating the ordinary service, it is in- 
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teresting to investigate the theoretical considerations of the case, 
as they show what should be expected and, if all factors are 
included, give approximately correct results. 

Except for variations in individual design, the most widely 
differing types of lighting generators are the constant-speed 
and the variable-speed types. АП the machines built can be 
included under these heads. In any generator the losses -are: 

Copper losses due to resistance of windings. 

Core losses due to hysteresis and eddy currents in armature 

core. 

Windage losses and friction losses. 

Minor losses under load which are practically negligible. 

In addition to these we have transmission loss in applying 
power to the generator. 

Taking up first the variable-speed generator, the losses in wind- 
ings are practically constant as the current in most types 15 
constant. 

The windage and friction losses increase with the speed. The 
windage is very small so that we should expect these losses to be 
nearly proportional to the speed. In this type of generator the 
transmission loss can be considered as part of the friction loss. 

The variation of the core loss is more complex. Compared to 
the wide range of speed the voltage can be considered approx- 
imately constant. | 

If ф = field flux, 

n = speed, 

v — volts, 
B = flux density, 
then volts 2 Kin $ 
K being proportionality factor. 

KiV 

Or $ : 

Core loss = Ko n XB" approximately, as the eddy current 
loss is a very small percentage of total. 

В = Kad in any one machine, dimensions being constant. 

Substituting, 


соге loss= Kan X $*9— 


Кт x V1.6 _ Ks V1.6 
"Y ШЕГЕ; 


Thus, if voltage is assumed constant, core loss will decrease 
slightly as speed increases. Taking the sum of the losses: 
Total loss = Core loss + copper loss + windage friction 


K 
= t Kit Кап 


If we assume K to make losses equal we have: 


Total loss - (e + 1 + 107? n) Кә 
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If m = 1000 rev. per min., total loss = 3 Kg. 

If л is increased to 3000 rev. per min., total loss = 4.56 Kg 
or an increase of 52 per cent. 

Thus, if efficiency were 50 per cent to start with, at 3000 rev. 
per min. it would now be 39 per cent, or the input would be 
increased 11 per cent. This is actually a little low, but serves 
for the purpose of illustration. 

In the case of the constant-speed machine, on the other hand, 
all the losses in the generator itself remain constant and the trans- 
mission losses vary. The only successful constant-speed gen- 
erator that we know of is the one described by Mr. Churchward 
in his paper, and this uses a clutch which slips above a certain 
speed. It is evident that for any stable operating. condition 
the torque at the two adjacent faces of the clutch must be the 
same. The power developed or required is proportional to the 
torque times the speed, and therefore as the speed of the engine 
increases the power supplied to the clutch increases in direct ratio, 
while the power required to run the generator remains the same. 

Evidently, then, if the speed of the engine increases to three 
times that at which the clutch just begins to slip, the efficiency 
of transmission must be reduced to 33 per cent, provided it be 
considered 100 per cent with no slip. 

Comparing this with the figures for the variable-speed gene- 
rator, if we assume slippage to begin at 1000 rev. per min., and 
efficiency over all at this point 50 per cent as before, and losses 
- ӘК», then the input = 6 Кә. At 3000 rev. per min., the input 
to the generator will still be 6 Kg, but, as shown above, the power 
on the high-speed side of the clutch must be three times this, as 
the torque is the same, and so the input there is 18 Ky. Out 
of 18 units only 3 are being used, as the efficiency over all is 
now 18.7 per cent. 

From this it 1s evident that the constant-speed machine, 
whatever its advantages may be in other ways, is inherently 
extremely inefficient unless some device which will transmit 
power bv transforming torque as well as speed be used, and the 
variable-speed machine has actually a fairly uniform range of 
efficiencv over its complete range of speed. 

john R. King (by letter): Referring to that portion of Mr. 
Waller's paper wherein he speaks of the necessity of regulating 
the control of the output of the lighting generator under varying 
speed conditions, and gives several methods of obtaining regula- 
tion, I would like to call attention to a type of generator developed 
in Germany during the years 1904 and 1905, by Dr. Emmanuel 
Rosenburg, and used in connection with a storage: battery, for 
lighting railway trains. This apparatus is described in the 
Electrical World and Engineer, Vol. 45, p. 898; Vol. 46, p. 104, 
and the Electrical World, Vol. 48, page 918. 

As automobile lighting requirements are similar to those of 
railway trains, it would seem that unless conditions of design 
for the smaller units interfere, this type of generator and lighting 
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system could be applied with success to motor cars. Briefly, 
the design and operation of this type of generator aré as follows: 
the armature is the same as that in an ordinary direct-current 
machine, but the field construction is somewhat different, the 
field poles and frame having a small cross-section and the pole 
shoes or faces being considerably larger, spanning nearly the 
entire armature surface, and being notched and cut away at the 
middle point along the line of the armature conductors. "There 
are double sets of brushes, one set being placed on the ordinary 
electrical neutral and the other set displaced 90 electrical degrees 
therefrom. The brushes set on the neutral are short-circuited 
and current is collected from the displaced set. "The simplest 
type of machine 15 one that is shunt-wound. 

When the machine is started the voltage increases in propor- 
tion to the speed until the point of magnetic saturation of the 
smaller cross-section of the pole pieces and frame isreached. 
For any further increase in speed, the flux in the field frame is 
but slightly increased, and the cross-flux created by the coils 
under the short-circuited brushes tends to counteract this in- 
crease, and to hold the current output constant, due to the large 
stray field in the enlarged pole shoes. The result is that the machine 
will deliver a constant current with varying voltage conditions 
over a wide range of speed, or if the outside resistance 15 constant 
the machine will deliver approximately constant voltage inde- 
pendent of speed. Other conditions and refinements may be 
obtained by introducing a series field winding. 
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THE FUTURE OF ELECTRIC HEATING AND COOKING 
IN MARINE SERVICE 


BY H. J. MAUGER 


ABSTRACT OF PAPER 


Indications of the future point to electric motor driven pro- 
pulsion and abandonment of coal-burning boilers. Electric 
cooking and heating is in line with this development and the 
source of heat for cooking and heating will be confined to the 
boiler room. The future of electric cooking apparatus is as- 
sured by the progress already made in the U. S. Navy in adopt- 
ing electric equipment. Detail report is given of trial trip of 
U. S. Texas, which depends almost entirely upon electricity for 
cooking. Consumption of 1.25 kw-hr. per person per meal is 
indicated. Load factor was 50 per cent. 

Electric ranges and bake ovens effect considerable saving in 
weight and space and release cooks from being “firemen ” to 
devote their time and effort to good cooking. Electric cooking 
finds greatest advantages in high temperature cooking. 

Electric heating on shipboard does away with the disadvant- 
ages of steam piping and gives individual and local regulation 
and provides, where desired, glowing heat without fire. 

Other accessories are the electric flatiron, the soldering iron 
and therapeutic devices. 


F we may be permitted to look into the future five or ten years, 

we venture to make the forecast that first-class vessels will 

be driven by electric motors, direct-connected to the shaft of the 

propellers, the electricity being generated either. by steam 

turbine-drivem generators, energized by steam furnished from 
oil burning boilers, or else by electric oil-generator sets. 

In assuming the role of a prophet, we naturally enjoy thc free- 
dom of a wide latitude and place ourselves beyond the sphere of 
criticism, but we believe that the members of this Institute will 
agree with us, at least, that signs point in that direction. 

On board ship, very important, if not paramount, are the con- 
siderations of saving in space and weight, as well as con- 
siderations of cleanliness and convenience and despatch; and 
nothing that we know of at the present time so completely and 
satisfactorily meets these requirements for their purpose as the 
electricrangc and bake oven—with their culinary accompaniments 
—on the one hand, and the electric air heater on the other, not to 
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speak of such miscellaneous applications as the flatiron, the sold- 
ering iron etc. In other words, in our vision of the model ship 
of the future, we can sce no other source of heat and power than 
electricity, outside of the boiler or engine room. 

When we realize that a number of the U. S. battleships, not 
to speak of submarines and army transports, recently constructed 
Or in process of construction, have adopted electric cooking and 
heating in full or in part after the most thorough investigations, 
extending over a period of years, electric heating and cooking in ' 
marine service becomes an established fact, and it remains only 
to see what the future may bring forth. 

Among battleships which have been partly equipped with 
electric cooking and heating are the Arkansas and Wyoming. 
The battleships, Texas, New York, Nevada and Oklahoma, 
which are now under construction, have the gallevs and bake- 
shops completely equipped. Already thirteen submarines have 
been equipped entirelv, and eight more are in process of con- 
struction. 

The Wyoming has three electric ranges in the officers’ galley 
and electric cooking is there used exclusively; in the crew's 
galley, there are four electric ranges and four coal ranges. The 
Wyoming was cquipped with the latest design of ranges De- 
cember 24th, 1912, and has had no appreciable trouble, except 
with the hot plates of the cooking surface, which has since been 
overcome. 

Recently the army transport Thomas returned from Manila 
carrying about 1500 troops and crew. Two tvpe D-47 bake ovens, 
capacity 108 one pound loaves, proved sufficient to bake all the 
bread, pastry, etc. required, although three ovens were available. 
No trouble was experienced, and evervone interested was pleased 
with their operation. 

Of special interest, is the recent trial trip of the battleship 
Texas, made during last October, because for the first time a 
large number of men (715) at sea were entirely dependent upon 
electric cooking for their daily meals. During the run of two 
weeks, there were no break downs of any kind and the cooking 
was donc in a perfectly satisfactory manner. 

The results of this trial demonstrated that the equipment was 
more than sufficient to take care of the ship's full complement, 
which will comprise about 1070 men, including 70 officers. 
This ship's equipment consists of 15 electric ranges, type D-48, 
and 2 bake ovens, type D-50, and with the exception of some 
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supplementary steam kettles and coffec urns in the crew's galley, 
there is no other means of cooking or baking available on this 
ship. The success of the trial is all the more apparent in view 
of the fact that none of the cooks had any previous experience in 
using electric apparatus and that they so readily became ac- 
quainted with its opcration and had no difficulties in performing 
the duty required. The attendants, without exception, were 
pleased with the performance of the clectric ranges, as well as 
the bake ovens, being much i with their greater effi- 
ciency and cleanliness. 

The trial trip of the Texas is alio significant because for the 
first time has it been possible to obtain such LE and va]u- 
able data. 

Five ranges are installed in the officer’s g: йг, four of which 
were in daily use; and in the crew’s galley there are ten ranges, 
six to eight of which were used daily during the trial, as well as two 
bake ovens in the bakery. The officers’ galley served 162 men and 
the crew's galley 553 men; a total of 715 men. The ovens 
proved to be of sufficient capacity to supply a crew twice as 
large as that aboard, and they were perfectly suitable for all 
kinds of work demanded of them. The officers’ galley was in 
use from 6 a.m. to 9:30 p.m. (except an hour and a half from 
2:30 p.m. to 4 p.m.). A few hot plates were kept in service at all 
times, supplying hot coffee. The crew’s galley generally was 
in use from 4:30 a.m. to 8:30 a.m.; 10 a.m. to 1:30 p.m.; and 
4 p.m. to 8:30 p.m., depending somewhat on the daily menus. 

Referring to Fig. 1, the top curve shows the daily cooking load, 
in kilowatt-hours, which averaye 1258.6, the highest daily load 
being 1695 and the lowest 806 kw-hr. The downward slope of 
the curve shows a radical increase in economy as the cooks be- 
came accustomed to the use of the electric ranges, and the 
economy would be still further increased by longer experience. 
This consumption proved to be an average of 1.7 kw-hr. per per- 
son per day for the total; but further reference to the accompany- 
ing curve shows that the average total consumption of the crew’s 
galley (556 kw-hr.) was only slightly more than that of the 
officers’ (519 kw-hr.). The average consumption per man 
per day of the crew’s galley was one kw-hr. as compared with 
3.2 kw-hr. of the officers. The average daily consumption 
of the bakery was 182 kw-hr. total, or 0.25 kw-hr. per man. 
Without doubt, the total consumption for cooking and baking 
should not average more than 1.25 kw-hr. per day per person, 
instead of 1.7 kw-hr. 
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In accounting for the difference of the energy consump- 
tion per man in the officers’ galley as compared with the crew's 
galley, we have to consider that there is no steam cooking in the 
former and this would account for 25 or 30 per cent of the total 
consumption. It should be further noted that the officers 
galley was operated somewhat on the plan of an a la carte or 
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European plan restaurant where the meals were strung out over 
longer periods—more severe service than will actually be obtained 
when in commission; while in the crew's galley, advantage 
accrued from cooking for a much larger number of men at one 
time. Reference to the menus shown in the curves will indicate 
that the crew fared very well. 
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Fig. 2 shows the load curve for the ranges in the officers' 
galley on Oct. 30th, in which the total consumption was 451.7 
kw-hr. The average kilowatt demand was 27.4 while the 
maximum (during the dinner period) reached 54 kw-hr. Four 
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Five ranges, 162 men—energy consumption of electric ranges in officer's galley October 
30, 1913, (24 hr.) 451.7 kw-hr.—coffce and tea are kept hot at all hours. 


ranges were in actual use in the preparation of this meal. The 
load factor, taking it as the ratio of the average to the maximum 
demand, was, therefore, about 50 per cent. The ratio of the ` 
maximum demand to the connected load (used) was 54 to 120. 
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The curves in Fig. 3 show a daily load curve for the ranges in 
the crew's galley indicating a total consumption of 321 kw-hr. 
The average demand was only 21.2 kw. and the maximum was 
90 kw. (during the dinner period), making a load factor of about 
24 per cent. Though there are ten ranges installed, only cight 
ranges were in use, making a total connected load of 240 kw-hr.; 
but, judging merely from the number of hot plates used that day, 
only four ranges were necessary. The ratio of the maximum 
demand to the connected load was, therefore, 90 to 240; whereas 
if it had been possible for the cooks to operate so as to use each 
range at its maximum, the ratio would have been 90 to 120. 

It will be interesting for comparison here to note that the total 
electric load of the T'exas is about 600 kw. 

The kilowatt-hour curve shown in Fig. 1, covering a period 
of five days, was taken from wattmeter readings. The other 
curves were computed by taking ten minute readings throughout 
the period of the number of hot plates, ovens, etc. that were in 
use at each time. 

The range used on the Texas consists of a cooking surface 
composed of eight rectangular hot plates having a total uscful 
area of 37 by 24 in. (0.93 by 0.6 m.). Directly under the cooking 
surface are the two broilers 18 by 24 in. (0.45 by 0.6 m.). Below 
the broilers are two roasting ovens each of which are 18 by 28 
by 16 in. (0.45 by 0.71 by 0.4 m.). Each hot plate takes 1750 
watts maximum; each broiler, 4000 watts, and cach oven 4800 
watts, maximum. The total connected load of the range is, 
therefore, 31.6 kw. One range oven wil] roast 75 Ib. (34 ky.) 
of meat at onc timc. 

The bake ovens have a consumption of 16 kw. maximum and a 
capacity of about 100 loaves. 

An important point is that all heating elements of the cooking 
apparatus are readily repiaccable. 


ADVANTAGES OF ELECTRIC COOKING 


We shall now sketch briefly an outline of the conditions on 
board ship which we expect to see realized in the near future. 

Compared with the old-fashioned, coal-burning, brick oven,'the 
electric oven shows a most decided advantage. The electric 
oven will require only two-thirds the time to be heated up to 
baking temperature. The only effort required from the baker 
being a turn of the switch, his timc and energy, therefore, can be 
entirely devoted to its proper purpose,—baking good bread for 
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passengers or crew. And we must not forget that he will be 
further aided by motor-driven dough kneaders and other modern 
bake shop conveniences. There will be no excuse for slack-done 
or over-donc bread or no excuse for stale bread or lack of bread,— 
as the clectric oven will need no attention but an occasional 
turning of the switch to “ high,” “ low ” or “ medium ” as may 
be required. The electric oven will not demand any shifting 
of the loaves in the oven to give some of them the advantage 
of a hotter place or relieve others from burning, a matter which 
not only dissipates the cook’s time and attention but also con- 
siderable heat while the doors are open. Furthermore, one elec- 
tric oven will do the work of two coal ovens and with more than 
a corresponding saving in space and a very much greater saving 
in weipht. | 

The temperature of the bakery will not. be appreciably in- 
creased as formerly from the waste heat of the radiating brick 
of the coal oven and the baker’s temper and his bread should be 
as good in the tropics as in the arctics. 

What has been said regarding the ship’s oven also applies 
with similar force to the ship’s range. Here the compartment 
previously devoted to the fire and ash box is devoted to an 
extra roasting oven, increasing the roasting capacity 100 per cent, 
besides adding special broiling space which provides for two 
broiling compartments. There is not, of course, much oppor- 
tunity of increasing the utility of the range top, all of which 
was formerly active as a cooking surface. 

Saving space formerly required for coal boxes, eliminates 
fuel or ash handling and, therewith, danger from fire or explosion. 
Absolutely uniform temperatures are secured by the electrical 
method. 

One of the chief advantages in the clectric range hes in the 
broiler, which the coal range entirely lacked.  Broiling, like 
toasting and similar operations, requires a very high degree of 
heat which should be in the nature of radiated heat from a red 
hot source; lower temperatures will give the effect of roasting 
or baking. The coal range often has been the despair of the cook 
when he wished to do broiling, for that operation required just 
the right condition of the coals, which is difficult, if not impossible 
to secure when desired; but the “ electric " cook simply turns the 
switch and instantly the electric coils glow with radiant heat 
and the sizzling steak at once responds to the broiling operation. 
Broiling in the coal range also interfered seriously with other 
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cooking on the stove top. "The broiler will also often be useful 
in browning the products of the oven and, indeed, will be used 
as a toaster. 

The appliances we have described are chiefly used for what 
we may call high temperature cooking operations,—broiling, 
toasting, roasting, baking, frying, grilling, rapid boiling, etc.— 
and, of course, it is in this direction that electric cooking finds 
its greatest advantages. 

There will be considerable reduction in the depreciation cost 
of high temperature cooking appliances, as it will no longer be 
necessary to renew fire boxes, etc. or oven linings and stove tops, 
because the electric ranges will not overheat. 


ADVANTAGES OF ELECTRIC HEATING 


The problem of heating staterooms, cabins and saloons, by 
electric heating will be solved by two general forms of heaters, 
both having the same advantage of perfect control and both 
effecting a saving in space and weight over that taken by the old 
style steam piping, not to speak of the absence of leaking, siz- 
zling and pounding steam. Furthermore, there is an advantage 
in low initial cost, as well as in installation and maintenance cost, 
besides the feature of portability. This feature not only adds 
to conveniencc, but may often enhance the warmth and comfort 
of the occupants of a room. One of the most important ad- 
vantages, however, lies in being able to regulate the amount 
of heat desired, accommodating atmospheric conditions or per- 
sonal requirements. Overheated atmosphere may be worse than 
cold and an open window or porthole impractical 1f not risky. 
Тһе two methods are the direct air heating and the luminous. 
The former is especially adapted to the heating of larger spaces 
where the air can be circulated over electrically heated coils at 
moderate temperatures. The ideal electric air heater will have 
a low operating temperature and a large radiating and proper 
deflecting surface; the former to avoid any fire risk and the 
latter to produce a more uniform distribution of heat throughout 
the room by heating to a less degree a larger amount of air at 
one time, and to more effectively heat the lower strata of air. 
The method of heating, itself, is precisely that of the old steam 
radiator without of course, any disadvantages already referred to. 

The other form of air heating, the luminous method, can only 
be safely secured on shipboard by electric means. This has the 
advantage but none of the drawbacks, of the cheerful glow of the 
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open fireplace, or the comfort of the sun bath. "The radiated heat 
energy does not heat the air directly but passes through it 
giving up its genial warmth to the material object it strikes. 
The luminous radiator gives its maximum heat instantly upon the 
turn of the switch. Indirectly of course, the atmosphere will 
gradually become heated from its use, but instantly a person may 
be warmed by coming within the range of its glow. It is, there- 
fore, the ideal heater for the stateroom or the bathroom and for 
auxiliary use in the larger gathering places. 

The luminous radiator will, undoubtedly, consist of a specially 
made incandescent lamp as a heating element; designed, however, 
for low luminous efficiency but for high thermal efficiency, emit- 
ting a large percentage of infra red radiations. 


OTHER ELECTRICAL ACCESSORIES 


Perhaps a word should be said in passing for the electric flat 
iron in the laundry and the soldering iron in the repair shop 
because as a matter of fact these are in general use and their 
convenience and success have really been an entering wedge 
for the adoption of clectric cooking and other electric heating 
on shipboard. On the therapeutic side, the ships surgeon will 
find in the electric hot water supply, the instrument and bandage 
sterilizer and body heating pad convenient aids. 


CONCLUSION 


In conclusion, it is our belief that all the handling of fires, of 
coal and ashes or oil, if done at all, should be done where it be- 
lonys down below in the boiler room, not in the galley; and by 
the stoker, not by the cook. A contented state of mind, whether 
on the part of passenger or crew, is highly desirable on ship- 
board; and when the electric cooking has become generally 
adopted on shipboard, this will be largely assured through well 
and more easily cooked meals. 
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ELECTRICITY THE FUTURE POWER FOR STEERING 
VESSELS 


BY H. L. HIBBARD 


ABSTRACT OF PAPER 

Electrical development in the marine field has been confined 
in a large measure to the navy, and the best experience with 
electric steering gears has been obtained from navy installations. 

Up to the present time steam has been the universal power 
for operating steering gears but certain disadvantages are in- 
herent in this system which can be overcome by the electric 
drive, and additional advantages obtained. The history of 
electric gears shows that many different schemes have been 
tried and proved failures owing to faulty designs and imperfectly 
developed apparatus. At present several different systems are 
in successful operation. : 

To obtain full benefit of the advantages possible from an 
electric drive, much depends on the selection of apparatus with 
characteristics best suited to the work. The problem of electric 
drive is largely one of control. The calculations for rudder and 
motor horse powers must be carefully made, with the proper 
assumptions for the conditions presented. 

Several installations in the navy have shown excellent results; 
in the case of the battleship Texas the data obtained show pre- 
liminary calculations were quite accurate. Results obtained 
seem to justify the prediction that electric stecring gears will 
be used quite general in the future. 


HE MARINE field has probably been one of the most 
backward in the adoption and development of electrical 
apparatus owing in part, to natural causes, such as high first cost 
of electrical over steam machinery, the long familiarity aboard 
ship with steam machinery, and of the somewhat higher order 
of care and inspection required for electrical apparatus; but in 
the main we believe it has been due to the traditional con- 
servatism of the scafearing man and his reluctance to try some- 
thing new when that which has been used before seemed to ans- 
wer the purpose, owing in a large measure doubtless to his belief 
that this policy insured the greatest protection to the lives and 
property under his care. The most conspicuous exception to 
this, however, has been the American navy, which is not only a 
larger user of electrical machinery than the merchant marine, 
but also leads the navies of the world in this respect. 
103 
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K During the last fèw years, however, considerable attention has 
been given to the development of electricity on board ship, and 
to many of the auxiliaries we have seen its application, as well 
as to the electric propulsion of ships, which is now also being 
given careful consideration. One of the auxiliaries of the 
greatest importance to the operation of the ship and which also 
involves some of the most interesting engincering problems, to 
which electric power and control is now being applied, is the 
electric steering gear. In line with our previous statement, 
however, the greatest usc of electricity for this purpose has been 
in the navy, and, therefore, our future statements will refer in a 
large measure to naval installations of electric steering gears. 


THE STEAM STEERING GEAR 


Large steamers of the present day are fitted with either the 
ordinary form of rudder or with a balanced rudder, battleships 
being almost invariably fitted with the balanced type in order 
that they may mancuver more quickly. Fig. 1 illustrates the 
general arrangement of a steering gear controlled by a steam 
engine on a war ship operating a partially balanced rudder. 

Practically all steamers except those of the smallest size at the 
present time make use of steam power for moving the rudder and 
in addition to this power drive, most equipments include pro- 
vision for steering by hand either through handwheels, geared 
to the steering gear or by block and tackle to the tiller. The 
possibility of accident to the prime mover and the importance of 
avoiding a complete breakdown renders the addition of the 
manual drive necessary, although the rate of turning with the 
hand gear 15, of course, much slower than with power. 

The successful introduction of steam power for operating the 
rudder was made about 1866, by McFarlan Grey. А steam 
gear designed by him was placed оп the “ Great Eastern ”' and 
the ease with which steering could be done under the new power 
as contrasted with the old hand method, led to its rapid adoption 
on all classes of steamers. Improvements have, of course, been 
made in details, better engines being now made than formerly 
and better control of them obtained, but, nevertheless, the 
present steam equipment does not vary greatly from the first 
one installed. 

The control of the valve of the steam engine from the bridge 
has been accomplished in various ways, in some cases by direct 
shafting and gears from the steering wheel, in others by wire 
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rope transmissions called tiller ropes, and 1n other installations, 
particularly of large capacity, by hydraulic telemotors. In 
practically all cases, however, the control has been by what has 
been known as the follow-up system, in which the arrangement 
of valve gear is such that the steam is cut off and the rudder 
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Fic. 1—STEERING ARRANGEMENT OF A WARSHIP OPERATING A PARTIALLY 
BALANCED RUDDER. 


stopped at the angle corresponding to the position at which 
the helmsman has set his steering wheel. With this arrangement 
the helmsman turns his wheel to the angle desired as shówn by the 
indicator on the steering stand, and without further operation 
of the wheel the rudder moves to this point and is automatically 
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stopped. This system of control, we believe, has: been used in 
practically all classes of vessels with the possible exception of 
some large river steamers and has been so generally used for many 
years as to be, in the mind of the mariner, an integral pen of a 
steering mechanism. 

Notwithstanding the general popularity of the steam drive and 
the excellent service which it has performed for years on thous- 
ands of vessels, there are certain disadvantages which arc in- 
herent in the svstem, some of which arc as follows: 

1. With the boilers near the center of the ship and with the 
stecring engine usually at the stern or in some cases way forward, 
long and expensive lines of steam piping are rcquired, and a 
careful design for the leads of piping must be made in order to 
clear stowage 1n store rooms, ammunition or other spaces through 
which they must run. They must be well insulated to avoid 
heavy condensation losses inthe steam, as well as to reduce as 
much as possible the rise in temperature of spaces, especially 
powder magazines on war vessels. Even the weight of the pip- 
ing, lagging, bulkhead fittings, etc. is often a considerable item, 
and in the case of a battleship this will amount to about three 
tons, being equal to about 45 per cent of the weight of the steer- 
ing engine itself. 

2. Considerable steam is wasted duc to valve setting, it 
being common practice to set the valves of the steam engine so 
that cven when the rudder is at rest a considerable amount of 
steam is blowing through the engine. The steam steering 
engine usually takes steam full stroke and for this and other 
reasons 15 an exceedingly inefficient mechanisin. 

3. The engine must be designed to do the maximum work 
required of it, that is, all paris of the engine must be of sufficient 
size and strength to develop the power required at the maximum 
rudder angle, which is reached but very infrequently in ordinary 
steering. The engine does not lend itself to overloads as does 
an electric motor which point is of the greatest importance 
and will be given special consideration later. 

4. The stgam engine is provided with reciprocating parts 
which are subject to severe stresses when the engine speeds up 
duc to sudden decrease of load on the rudder as it is moved back 
to а central position. These reciprocating parts do not produce 
a uniform torque, as in the case of a rotating armature, and they 
furthermore are the source of considerable vibration in the 
operation of the gear. When in harbors the steam engine 
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requires turning over at rather frequent intervals to prevent 
piston, cylinders, etc. from becoming rusty. 

9. The mechanical connections from the bridge to the 
engine valve are a considerable source of trouble, and wire rope 
leads frequently wear out. The necessity of running these 
mechanical connections through compartments and watertight 
bulkheads is the source of difficulties in the construction of the 
ship, and in the case of wire ropes, there must be continual care 
exercised to keep the tubes through which they pass filled with 
grease, reducing the friction wear to a minimum. If these 
mechanical parts are not kept in excellent condition the friction 
causes the steering wheel to be operated with considerable 
effort and breakage of these parts has not been an uncommon 
occurrence. 


RESULTS TO BE ACCOMPLISHED BY THE USE OF ELECTRIC DRIVE 


With the clectric gear it is not only possible to overcome, at 
least in a great measure, the disadvantages enumcrated above for 
the steam engine, but it is also possible to obtain a flexibility, 
simplicity and accuracy of control not permissible with the steam 
gear. The results to be accomplished by the installation of the 
electric steering gears are, therefore: 

1. The reduction of the weight and space occupied by the 
driving mechanism; 

2. The suppression of heat in the spaces, adjacent to the gear; 

3. The elimination of accidents which may occur in the 
bursting of steam pipes; 

4. The reduction of vibration and noise and incrcase in habit- 
ability, duc to these factors; 

9. The obtaining of a mechanism very much more efficient 
in its operation than the steam cquipments; 

6. The simplification of the means ofcontrolling the mech- 
anism from the bridge with increase in the ease of operation 
to the helmsman; 

7. The increase in rapidity and accuracy of response of the 
rudder to the movements of the controlling mechanism. 


History or ELECTRIC GEARS 


The subject of electric steering gcars has been given some 
attention by engineers for the past 15 or 20 years but within 
recent years only has the matter been given sufficient attention 
or the electrical apparatus developed to such a point as to per- 
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mit of successful results being attained. Several electric steering 
gears of different tv pes have been tried in foreign navies, but it is 
not known whether any of them have proved completely satis- 
factory. Ina great many cases after being thoroughly tried out 
they have been stripped and the steam gear again used, some 
doubtless being defective in design and some in the perfcction 
of details, but others failed due in a large mcasure to flaws in the 
controlling apparatus. 

At the present time motors and controlling appliances have 
been developed to such a point as to permit readily of the 
solution of the problems involved and also to render their per- 
formance reliable and trustworthy. The main feature in the 
electric steering gear has, however, become onc of control, and too 
much emphasis cannot be laid on this point. "This problem of 
control has been attacked by several radically different schemes, 
the principal ones being outlined below. 

Direct current is used universally on board ship, with pressures 
varying from 80 to 220 volts; the present standard in the Amcri- 
can navy is 125 volts with many of the older ships provided with 
80-volt equipments, while 1n the German navy the voltage is 
220, and the same is now being considered by the U. S. naval 
authorities and has recently been adopted on one of the latest 
battleships as a trial experiment. It is not necessary, further- 
more, to give consideration to the use of alternating current 
motors for operation of steering gcars, this current not being 
emploved to any extent on shipboard, and such motors would 
not give the varying torque and speed characteristics which are 
here especially desirable. 

One of the carliest electric steering gear. systems considered 
in this country was known as the Van Duzer-Mason system and 
was patented about 1893 and is described in the Pioceedinys 
of the U. S. Naval Institute of that year. "This system contem- 
plated the use of a motor direct connected to the rudder mech- 
anism and its operation controlled by a simple form of control- 
ling device operated on the follow-up system, but so arranged as 
to follow up at only a limited number of definite angles of rudder 
travel and produced, therefore, a very coarse control. It is not 
known on what vessels this scheme may have ever been tried. 

several systems involving the use of magnctic clutches bc- 
tween the motor and rudder gear and of differentially controlled 
mechanisms have been tried, but for various reasons have not 
proved successful. 
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One of the first successful electric steering gears 1s that designed 
bv Mr. Mathias Pfatischer and known as the Pfatischer system. 
This gear was placed on cight of the Imperial Russian naval 
vesscls, a number of which were destroyed or captured by the 
Japanese during the recent Russo-Japanese war. It was also 
installed on two large liners built in this country for the Pacific 
trade and has been in constant use since 1902 on the liner Finn- 
land. One equipment has also been installed by the U. S. Navy 
on the cruiscr Montgomery and we understand its operation has 
been generally quite satisfactory. 

This system generally employs.a shunt motor for operating 
the rudder and which is controlled with the varying voltage 
system by a motor generator set especially supplied for the pur- 
pose. The ficld of the gencrator or generator exciter, is control- 
led from the stecring stand at the bridge on the Wheatstone 
bridge principle, the bridge being formed by one rhcostat located 
at and operated by the steering stand and the other located at 
and operated from the rudder crosshead. The unbalancing of 
the bridge rheostat by the movement of the whecl gives current 
to the generator field and therefore, voltage and current to the 
rudder motor. The balancing of the bridge again by the move- 
ment of the rudder crosshead cuts off current from the gen- 
erator ficld and the motor is stopped, constituting an electric 
follow-up control. 

Objections which may be offered to this system are the size, 
weight and cost of the motor gencrator set, which furthermore, 
is always in rotation even though the rudder is at rest, and the 
no-load current of this set is an appreciable amount, being as 
much as 25 to 30 amperes on sets as small as 25 h.p. With this 
type of follow-up also the available power of the rudder motor is 
proportional to the unbalancing of the Wheatstone bridge 
and approaches zero as the balanced position is reached, which 
is the point frequently where the maximum torque is desirable, 
and the result must be the installation of a motor larger than 
would otherwise be necessary. 

Several years ago the Navy Department became interested in 
the question of steering its ships by electricity owing to the pos- 
sibilities presented of cffecting the economies outlined above 
for the electric gear. In about 1902 the Department devised 
a steering gear operated on the follow-up system, and purchased 
apparatus of different manufacturers to effect an installation 
on one of the small monitors which had been recently constructed. 
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The results obtained from this equipment were not satisfactory. 
The question, however, remained under discussion for a number 
of years until about 1909 when a contract was placed for sup- 
plying an electric steering gear for the Cruiser Des Moines as an 
auxiliary to the steam engine outfit. For this purpose the use of 
an electric motor taking its power directly from the dynamo 
mains and operated by a powerful automatic controller, thus 
eliminating the necessity of a motor gencrator outfit, was ad- 
vocated. The contract specified that no payments should be 
made unless the gear proved itself satisfactory in service and in 
the event of its failure was to be removed by the contractor at 
his expense. The contract further required the control of the 
motor to be similar to that of the steam engine, t.e., the follow-up 
system must be employed, and to accomplish this a small follow- 
up drum controller was provided in the steering engine room and 
operated differentially by the ship’s tiller rope from the wheel 
on the bridge and the motor driving shaft. 

The preliminary trials of this arrangement of gear were quite 
successful although the writer found upon going aboard the ves- 
sel before the trials, that the officers and crew were prejudiced 
against the electric gear and considered it an unwelcome visitor 
on their vesscl. After the successful preliminary trials of the 
follow-up gear the prejudice was overcome and it was then 
suggested that a non-follow-up type of control would be much 
simpler and casier to operate, but the reply was made that 
officers and men had stecred with the follow-up system for years 
and it was foolhardy to think of adopting any other type. After 
considerable persuasion, however, permission was granted to 
install on the bridge a small reversing switch controller opcrating 
the main controller through four small wires and thus entirely 
cutting out of the operation the steering wheel and the tiller rope 
connections. After about a month's trial of this system of con- 
trol the first report to the Department states in cffect that the 
quartermaster and helmsmen learned to steer by this new method 
in about five minutes and now much preferred it to the old 
wheel control. Steering by the non-follow-up system on this 
vessel, thercfore, became the prevailing fashion. 

Although the reports from the Des Moines were of a satisfac- 
tory nature, the Navy Department was still naturally doubtful 
about the use of clectric steering equipments, especially as 
regards the elimination of the follow-up principle. It was de- 
cided, therefore, to install such a gear as this on the scout cruiser 
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Chester to be operated only by the non-follow-up system, and 
remove the steam gear entirely in order that confirming opinions 
might be obtained of abandoning the time-honored follow-up 
control and of steering naval vessels by electricity. Contract 
was, therefore, placed for the installation of a similar equipment 
of 75 h.p. on the Chester as against the Des Moines’ 40 h.p. equip- 
ment, and this installation was completed the carly part of 1912, 
about two and one-half years after the first installation had been 
made on the Des Motnes. The motor with disk brake for the 
Chester’s equipment is shown in Fig. 2. 

Since this time installations of the same type of gear of 150 h.p. 
capacity have been made on the battleships New York and Texas. 
A further description of these equipments and of many of the 
results obtained will be given later. 

Other installations of electric steering gcars have recently 
been effected by another manufacturer on the Argentine battle- 
ships Rivadavia and Moreno which are just reaching completion 
at shipyards in this country. These equipments consist of a 
150-h.p. motor, 400 to 600 rev. per min., operated with combined 
rheostatic and field control. Тһе motor operates the rudder at a 
lower rate of speed than the stcering gear engine, to which it is 
considered an auxiliarv, the requirements being hardover to 
hardover in 40 sec. The motor in question is shown in Fig. 3. 

The controller consists of a contactor panel provided with four 
reversing contactors, a dynamic brake contactor, five acceler- 
ating contactors and other small contactors for controlling the 
ficld strength and the electromechanical brake. 

The master controller is driven by a differential gear in order 
to provide the follow-up feature. "Transmission from the 
steering wheel to the steering room is accomplished by hydraulic 
telemotor or wire ropes that are used for the stcam engine con- 
trol. The steam valve may be disengaged by a clutch, and the 
part of the differential gear, which operates the controller, 
connected in place of it, and the other part of the differential 
gear is connected to the steering gear itself. When the controller 
is turned to a certain point by the steering whcel, the motor 
begins to turn and will continue to turn until the action of the 
differential gear, driven by the steering gear itself, turns the 
controller to the “ off ” position and stops the motor. 

The first position of the controller closes the proper reversing 
contactors and the current passes through the armature and all 
of the starting rhcostat. The first accelerating contactor then 
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closes, and after the motor has specded up sufficiently the next 
contactor automatically closes, allowing the remaining three to 
follow quickly after each other, bringing the motor up to the 
speed corresponding to the full field strength. If the controller 
is turned further than this, one of the field contactors is opened 
and the ficld weakened; a little further motion of the controller 
opens the second ficld contactor still further increasing the speed. 

A limit switch, carried on the same shaft as the master control- 
ler cvlinder, automatically strengthens the field of the motor 
when the rudder has been turned to a certain definite angle 
from the mid position, and at a greater angle the field 1s strength- 
ened still more, bringing 1t up to its full field strength. This 
provides an increased torque per ampere when the rudder 15 а 
considerable angle from the mid-ship position. 

As the rudder returns to the position for which the steering 
wheel is set, the controller is turned to the “ off " position, and 
if the rudder should be inside of the limits of 10 deg. either side 
it will be running at full speed. Just before the “ off " position 
is reached the field is strengthened by one contactor. This in- 
crease of ficld strength causes a current to flow from the motor 
armature into the line, exerting a dynamic braking effect and re- 
ducing the speed of the motor. А moment later the field is 
. strengthened again with the same effect, so that at the instant 
the main contactors open and the motor is disconnected from 
the line, the speed has been considerably reduced. The dy- 
namic brake is then applied by the action of the proper contactor 
and the electromechanical brake follows an instant later. 

As 15 later shown, the use of a compound winding exerts a 
greater torque pcr ampcre with heavy loads, but owing perhaps 
to the relatively high speed of the armature and the necessity of 
very accurate stopping with the follow-up control, it seems to 
have been considered advisable to produce a slowing down 
effect before the brakes were applied. For that reason a shunt 
field was used on these equipments, which can be strengthened 
just before disconnecting from the line. The motor is provided 
with a small amount of series ficld winding but it is essentially, 
in its characteristics, a shunt motor. 

The limit switch, besides performing the function of strength- 
ening the field at certain positions of the rudder, will also cut off 
the power at the end of its movement if it is not already cut off 
by the movement of the controller. An overload relay 1s pro- 
vided, which re-inserts the starting resistance in the armature 
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circuit in case of overload instead of interrupting the circuit 
entirely. 

We believe these equipments have not yet been tried out in 
service and we cannot, therefore, comment on results obtained. 

The same company is also providing an electric steering gear for 
the American navy, which is to operate the rudder in the same 
time as required of the steam engine. The equipment consists 
of a rudder motor, motor generator, switchboard, steering 
stands, selective switch and limit switch. The speed of the 
motor is controlled by varying the field strength of the generator 
according to the variable-voltage system and the system has no 
follow-up device. The motor is rated at 350 h.p. and when op- 
erating at rated voltage and full load, has a speed of 250 rev. per 
min. 

The motor generator is rated at 290 kw. output and runs at a 
speed of 1000 rev. per min. The motor has an accumlative 
compound winding and the generator a differential compound 
winding, so that the extreme overloads of voltage on the genera- 
tor will be reduced both by reduction of speed and by the demag- 
netizing effect on the generator field; also the reduction of speed 
will deliver considerable energy for a few seconds to the genera- 
tor circuit. The motor of the set is wound for 120 volts to agree 
with the ship's voltage, but the generator and the motor which 
moves the rudder are wound 250 volts. The steering gear. 
motor is compound wound, taking series current from the arma- 
ture of the motor driving the motor generator, and the shunt 
field is strengthened by a relay at a definite over load on the motor. 

There are four steering stands; three of them forward and one 
aft, anyone of which may be connected to the panel by means 
of a selective switch. 

The controlling panel contains, the necessary contractors for 
starting up the motor of the motor generator set, as well as 
an ammeter and an overload relay, for the generator the neces- 
sary field switches and ammeter and voltmeter, also the motor 
field relay for strengthening the field of the steering gear motor 
and a step back relay which inserts resistance into the field of the 
generator in case of excessive overload, performing the same pur- 
pose as the overload relay in the rheostatic system previously de- 
scribed. 

The various steering stands have three speed positions in 
each direction; іп the first, the field of the generator is excited 
to give a low voltage for slow speed; the next step strengthens the 
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field, and the next step fully excites the generator field, giving 
full speed of the motor. 

The limit switch, which is operated by the steering gear, is 
provided to cut off power at an extreme movement in either 
direction without interfering with the return motion after the 
steering stand is reversed. 

In connection with this system, the same criticism may be 
offered as regards size, weight and power required to operate the 
motor generator, as was mentioned in case of the Pfatischer sys- 
tem. 


DESCRIPTION or 150 H.P. SYSTEM ON BATTLESHIP Texas 


It is not the purpose of this paper to draw close comparisons be- 
tween the features and merits of the several electric systems of 
different manufacturers which have been proposed or installed 
and which are at present receiving the close attention of the 
Navy Department and others interested, but rather to point 
out the salient features of these different systems. Our future 
remarks apply largely to the system previously referred to, taking 
power directly from the dynamo mains, with which the writer 15 
most familiar and from which also our data have been principally 
obtained. As an illustration of this system and of many of the 
points to be covered in the design of an electric steering gear we 
give a description of the apparatus and design of the installation 
on the battleships Texas and New York. 

The electric installation on the Texas and New York (and with 
few minor differences that of the Des Moines and Chester, later 
transferred to the Mississippi, were exactly the same except 
as to reduction in horse power) includes the electric motor with 
disk brake installed in the steering motor compartment. as il- 
lustrated in Fig. 4, the main automatic controller and resistance 
ncar the motor, and in the compartment where the screw gear 
is located a limit switch; master controllers or steering stands are 
furnished, one on the bridge, one in the conning tower, onc in the 
central control station and onc in the steering gear room. The 
steering stand is shown in Fig. 5, and contains within, a revers- 
ing switch for governing the main contactor controller in the 
motor room. The reversing switch is operated by the lever 
shown, and closes the circuit to the contactors of the auto- 
matic controller through several contact fingers. А latching 
device retains the lever in the center position, the pressure of the 
hand on top of the lever releases the latch while a centering 
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spring acts to return the lever to the “ off" position, and should 
the hand be removed from the lever in a running position it will 
immediately restore itself to the central point when the motor 
will be instantly stopped. 

The stand is so arranged that a small movement of the lever 
causes the motor to start and run at a slow speed, and further 
relatively large movements cause the motor to accelerate at 
once to full speed. Throwing the lever in the reverse direction 
reverses the rudder motor, so that it is simply necessary to throw 
the lever to right or left according to direction in which it is 
desired to move the vessel. About 60 deg. movement of the 
operating lever in either direction gives full control including 
starting, stopping, slow and fast speeds and reverse, which fea- 
ture commends itself to the helmsman especially as quick work 
is frequently required 1n maneuvering the vessel. All the metal 
parts of the steering stand 
are brass and no magnetic 
interferences are occasioned 
by installing it near com- 
passes. 

As no follow-up control is 
involved the rudder will keep 
on moving as long as the oper- 
ating lever is held in the run- 
ning position and is stopped 
by the spring return of the 
lever to the central point which in the possible case of casualty 
to the helmsman would prove advantageous. Should the rudder 
for any reason, however, fail to stop before the limits of travel 
are reached a limit switch shown in Fig. 7 is provided to prevent 
the jamming of the gear at the hardover positions. For this 
type of control the position of the rudder is at any instant 
determined by reference to the helm angle indicator always ad- 
jacent to the steering stand. 

The main control panel shown in Fig. 6, with its front sheet 
metal covers removed for the purpose of illustration, provides 
contactors for the reversal of the armature, for cutting out 
resistance and accelerating the same, for operating at slow speed 
and for dynamic braking in the off position. An overload device 
is provided also which in the event of jamming the gear or other 
extreme overloads automatically limits the current on the motor 
to a safe value, and by its use the necessity of circuit breakers 


е 
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and fuses, whose blowing would be very dangerous to the operation 
of such a system, is obviated. Тіс electrically-operated switches 
not only provide effective means for commutating the motor 
circuits but they permit the running of wires of a very small 
section to the steering stations, and as these small pilot wires 
can all be carricd in one lead and conduit, this feature is of the 
utmost importance. 

The switches are of a very strong construction and easily 
capable of standing the repeated operations of the steering gear. 
The resistance uscd in connection with the controller is of the 
cast grid type and also especially designed for heavy duty. In 
the lower right hand corner of the cut is shown a small double 
pole switch which functions as a selective switch for delegating 
the control to one of two stcerng stations. This switch was 
afterward changed in design, however, to provide for control 
from four or fivc different stations and so arranged as to make 1t 
impossible to steer from more than one station at a time. 

The limit switch previously referred to, consists of a small 
drum controller whose segments are connected 1n series with the 
secondary circuits from the main controller, so that when the 
dogs connected to the traveling nuts of the screw gcar engage the 
lever of the limit switch at the hardover position and open the 
same, the main contactor switches are opened and the equipment 
immediately shut down, assisted by dynamic braking and the 
motor disk brake on the armature shaft. "The connections are 
then such that the rudder can be brought back in the reverse 
direction by movement of the steering stand lever in that direc- 
tion, and when the rudder moves away from the extreme limit 
position the switch is restored to its normal position automati- 
cally by a centering spring. 

The combined motor and disk brake uscd in this installation 
is shown in Fig. 8. The motor is rated at 150 h.p., 250 rev. per 
min. at 120 volts. The motor 1s especially designed with over- 
load capacity to operate thc rudder under severe conditions, 
taking care of the power required to operate under the infrequent 
conditions of rudder at extreme angles with vessels going 
ahead and backing at full speed. The windings of the motor, 
about 50 per cent series and 50 per cent shunt, give variable 
speed and torque characteristics and take advantage of the varia- 
tion in load from center to hardover positions, giving, a. quick 
response to the rudder especially in the central angles and heavy 
torques at the extreme angles, and permitting the installation of 
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an equipment smaller in rated horse power than would otherwise 
be required, especially as compared to a steam engine, which 
point has been previously brought out. The motor is capable of 
carrying 100 per cent overload for short periods of five minutes 
or more. 

This installation was made as an auxiliary to the steam gear 
and the requirements for the operation of the rudder were 20 
deg. right to 20 deg. left in 20 seconds as against 35 deg. right to 
left in 20 seconds for the steam engine, and naturally resulting 
in a smaller equipment than if full duty was required. In the 
casc of a later battleship, the electric gear is required to operate 
the rudder at the same time as the steam engine and this system 
has, therefore, been provided for that vessel of 300 h.p. capacity 
dividing the same between two motors of 150-h.p. cach. 


CALCULATION OF Horse POWER FOR THE ABOVE INSTALLATION 


When a vessel is underway and the rudder is at some angle 
with reference to the keel line of the ship, the water impinging 
on the rudder surface undergoes a change in momentum, the re- 
sult of which is dynamic pressure ayainst the rudder and twisting 
moment about the rudder stock. The center of application of 
this pressure on the rudder, which varies with each angle, may 
be found by the use of some empirical formulas. An empirical 
formula is required as the lines of action of the various streams 
of water are in different directions at various parts of the rudder 
due to the shape of the vessel’s stern, the influence of friction 
against the hull, the action of the propellers,etc. In navy work 
Joesscl's formula is principally used, in which: 


d = distance of center of pressure from forward edge of rudder 
b — breadth of rudder 
a = angle made by plane of rudder with line of motion 

then d = 0.1955 + 0.3055 sina 


The twisting moment about the rudder stock is, of course, 
the product of the total resultant pressure on the rudder area, 
and the distance d of the point of application of the pressure 
from the center of the stock. 


Let P = total pressure on the rudder in pounds 
V = speed of ship in knots 
A = arca of rudder in square fect 
b = horizontal length of rudder plane 
d = distance of center of pressure from leading end of rudder 
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а = angle of rudder with fore and aft plane 


sin a 


` = š (20 1 ACLI с. с 
then P = 46K A V* X 0.39 + 0.61 sina 


Usually 35 deg. is the maximum helm angle in which case 


P = 8.57 КА JV? d = 0.37 b 
For battleships and cruisers K varies from...... 0.60 to 0.75 
* gunboats and small slow vessels of 900 tons 
and up K varies from.................... 0.55 to 0.65 


“ torpedo boats and destroyers K varies from.. 0.45 to 0.55 


A small cocfficient is associated with small vessels, relatively 
large rudder arcas, high speed of the ship and low speed of helm; 
and a large coefficient is associated with large vessels, relatively 
small rudder arcas, low speed of ship and high speed of helm. 

Theoretically the pressure P will increase to an angle of 45 deg. 
but ordinarily 35 to 40 deg. is the maximum angle of rudder throw. 
The equipment must be of sufficient size so that when the rudder 
is near the hardover position sufficient power is available for 
its operation and this point is, therefore, of chicf importance 
in desiyn and rating of the motor. In the case of the steam 
engine it is considered that with one-half of the full boiler pres- 
sure on one cylinder it should have sufficient torque to move the 
rudder, the crank of the other cylinder being supposedly tempor- 
arily on the dead center. 

The pressure P and the center distances d are determined from 
the above formulas for a number of rudder angles, ranging from 
center to hardover position and the twisting moment in foot- 
pounds torque for each angle obtained as the product of the two. 

After obtaining the twisting moment on the rudder the turning 
moment at the prime mover is to be ascertained by taking into 
account the gearing and friction losses and the angularity of the 
connecting links 1n the case of a screw gear. 

The calculated, or actual curves if available, of the compound 
motor which it 1s desired to use, are then set down, as illustrated 
in Fig. 9, 1n the form of percentage speed and load curves, it 
here being of the greatest importance to select the characteristics 
of the motor in such а way as to take the greatest advantage of 
increasing torque with increase in rudder load. 
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A curve sheet is then prepared of rudder torque, horse powers 
and speed, as shown in Fig. 10. The rudder torques are figured 
for the various angles from the formulas, and the percentage 
rudder torque curve then calculated, allowance being made, 
however, in the rudder torques for friction of the rudder stock 
which in this case has been assumed to be 25 per cent of the 
normal calculated rudder torque. On curve sheet Fig. 9 it will be 
noted that the motor characteristics have been chosen to give 
280 per cent torque at 100 per cent overload on the motor, 
and as we desire the motor to have about 100 per cent overload 
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Fic. 9—CALCULATED CURVES FOR ELECTRIC STEERING GEAR FOR 
U. S. S. Texas. 


at 35 deg., the total rudder torque at 35 deg. therefore represents 
280 per cent torque. The torque at 35 deg. representing 280 per 
cent, the 100 per cent point of the percentage curve is readily 
found, as is also the corresponding normal point of calculated 
rudder torque from which it is obtained by adding the 25 per cent 
for friction. We have thus obtained the percentage torque 
curve and the 100 per cent point, where the motor, of the charac- 
teristics which we have chosen, reaches 100 per cent torque full 
load and normal speed and which point, it will be noted, comes at 
16 deg. of rudder travel. | 
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From the motor curves in Fig. 9 the percentage motor speed 
curve can now be easily figured in per cent of motor speeds for 
the rudder torque or load at the various angles. Having ob- 
tained the percentage-torque and percentage-speed curves the 
percentage-motor-horse power curve is readily obtained as the 
product of the two. As it is then necessary to figure in this case 
the motor speed over the required range of 20 deg. each side of the 
center,a number of points are taken on the percentage motor speed 
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Fic. 10—U. 5. S. Texas, CALCULATED RUDDER TORQUE AND POWER 
CURVES. 


Maximum rudder torque and power calculated from 1,860,000 ft-lb. at 35 deg. rudder 
angle. 

Friction of rudder stock 25 per cent of normal rudder torque. 

Efficiency of gearing 35 per cent. 

Compound motor rated 150 h.p. used. (Curves based on 120-h.p. motor). 


curves from 0 to 20 deg. and the average obtained, giving us in 
this case an average motor speed of 111 dd cent over a range of 
20 deg. of the rudder travel. 

The requirement that the rudder must be operated 20 deg. 
right to 20 deg. left in 20 seconds gives a rudder speed of 0.333 
rev. per min. which is the constant average speed of the rudder | 
throughout this range. Dividing this quantity by 111 per cent, 
a rudder speed of 0.3 rev. per min. at full speed of motor is ob- 
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tained and which, it will be noted, obtains at the 16 deg. angle. 
With this figure as a basis the rudder speed for the other angles 
of throw are obtained from the per cent speed curve. From the 
figures of rudder speed and the corresponding torque in pounds- 
feet at this same angle, the horse power at the rudder stock for 
. each angle is obtained. 

From the curve sheet it will be noted that the rudder torque 
at 35 deg. is 1,860,000 ft-lb. and at 16 deg., 664,500 ft-lb. 
therefore, the horse power at the rudder stock at 16 deg. of the 
rudder is 38 as obtained from the following formula. 


РЕ torque X 2 т X rev. per min. 664,500 X 2 r X0.3 = 38 
ты 33,000 33,000 

It will be further noted that the assumption has been made in 
the curve sheet of 35 per cent efficiency for the screw gearing 
which then gives us a normal horse power of 108.5 

From the arrangement of gearing shown in Fig. 4 it will be 
noted that the screw has a lead of 23 in. and a radius of yoke 403 
in., therefore, the revolutions of the screw in 10 sec. equals 


| L. 
sin 20 бок 405 in. zd uev perdi 

23 
For one minute the revolutions of the screw would be 6 X 5.54, 
or 33.24 rev. per min. With an average motor speed of 250 X 
111 per cent, equal to 277 rcv. per min. wc have a ratio betwecn 
a screw shaft and motor speed of 33.24 to 277, which, therefore, 
gives us an indication of the spur gear ratios which are to be 
installed between the screw and the motor. 

The ratio then determined should now be checked against 
the torque required to move the rudder at 35 deg. considering the 
effect of the angularity of the screw gcar links, to sce if the motor 
has sufficient torque available for the work under these conditions 


40.5 Хсоѕ 35x2 


Тһе torque ratio at 35 deg. = — ge = = 83.5 
| 277 : 
Therefore, 83.5X 4301 — 694 to 1 total ratio at 35 deg. 


1,860,000 


GM 7 2680 ft-lb. 


Torque required at 35 deg. = 
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Motor torque required at 35 per cent efficiency of gearing 


2680 
0.35 


= 7675 ft-lb. 


It will be noted the curves were originally based on a 120-h.p. 
motor, the normal load coming at 16 deg. and 100 per cent over- 
load at 35 per cent, and the calculations above would seem to 
indicate that this motor would have been sufficient for the service. 
The government did not wish to see a motor of less than 150-h.p. 
installed, and this was provided. Later tests on other instal- 
lations indicated also that more power was required in backing 
than going ahead and that the 35 per cent efficiency would prob- 
ably not be obtained, and, therefore, the gear ratio as actually 
installed was for an average motor speed of about 317 instead of 
277 rev. per min. Our gear ratio is therefore, 33.24 to 317 and 


the torque ratio at 35 deg. would be 83.5X seo = 796 to 1, in- 
stead of 694 to 1. Therefore, torque required at 35 deg. 
_ 1,860,000 


700 - 2335 ft-lb. Motor torque required at 35 deg. 


= pad = 6675 ft-lb. 

The curves of actual torque, horse power and speed of the 150- 
h.p. motor used on the equipment are shown in Fig. 11, and it will 
be noted that the above calculated torque of 6675 ft-lb. is 
equivalent to about 80 per cent overload on the motors, coming 
at a higher point than indicated on the horse power curve in 
Fig. 10, owing largely to the fact that the motor has slightly 
different characteristics from those assumed in Fig. 9. 


SoME RESULTS OBTAINED 


The results obtained from trial tests and service operation of 
the installations of this gear have been very satisfactory and the 
official trials of some of these will be reviewed briefly. 

As soon as the Chester’s installation was completed the early 
part of 1912 and the vessel put to sea, she was ordered to mcet 
the Carpathia at the time of the Тиапіс disaster, and was en- 
gaged in this mission about a weck during the initial trial of the 
gear, upon which she had to rely entircly for power steering and 
the only means of steering from the bridge. Shortly after the 
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completion of this duty she was ordered to the ice fields to re- 
port the presence of icebergs and was engaged in this work for 
several weeks. She was then in continuous service until placed in 
reserveabout Septemberof that ycarand although the performance 
of her electric gear had been most satisfactory, the gcar was then 
removed and installed on the battleship Mississippi and the 
Chester's steam gear replaced, owing to the fact that this vessel 
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was ѕиррпеа with a limited dynamo capacity. As the Depart- 
ment decided it inadvisable to increase her dynamo capacity 
this procedure was necessary. 

As a result of these trials and experiments оп the Chester the 
commanding officer of that vessel reported that he considered this 
steering gear device unusually satisfactory, and an improvement 
on the steam gear with telemotor control: 
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1. In accuracy of steering 

2. In the ease of operation for the helmsman 

3. In the vibration of the ship 

4. In the heat and moisture of the after part of the ship. 

He further stated that he was surprised to see how accurately 
and with what little motion of the ship it was possible to steer, 
and that the response of the rudder to the movement of the 
master switch was rapid, and that the helmsmen were able to 
keep the ship on her course with small angles of helm and very 
little effort. The executive officer of the same vessel in his 
comments stated that “ From my observation of this steering 
gear I should say that the non-follow-up master-switch type of 
control is entirely practical and suitable, and the quartermasters 
and helmsman all prefer the master-switch control to the old 
wheel control." 

It is, of course, very natural for an old seaman to throw his 
wheel to port upon receiving an order to starboard his helm, but 
the above comments show that these scamen are able readily 
to learn the new method and one of its most natural advantages 
is that to steer the ship to starboard or port or right and left, as 
it is now termed by the Navy Department, the helmsman has 
simply to throw the operating lever in the direction desired, which 
is the most logical operation to perform and in contradistinction 
to the old system which was the reverse of a natural tendency. 

An analysis of the conditions and of the electrical apparatus 
provided, indicates quite clearly that the above results would 
naturally follow especially as compared with the steam gear 
equipment. The operation of the master switch is naturally easy 
for the helmsman and there being no lost motion or mechanical | 
parts between the bridge and steering room, the appreciable time 
lag with the old steam gear is eliminated. This absence of lost 
motion and the natural rapidity with which a motor, particularly 
of this design, can be accelerated, gives practically instantaneous 
response to the motion of the operating lever. Over the center 
angles of travel also where the major part of the steering is done 
and load is light, the response would naturally be very prompt 
and the speed higher than at the extreme angles. 

It was further noted by the officers of both the Des Moines 
and Chester that there was an appreciable saving in steam con- 
sumption over the steam engine, and it should be noted in this 
connection that with the steam engine some steam is always 
passing through the engine valves even with the rudder standing 
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still, causing a waste of steam in addition to that consumed in the 
operation of the engine which is naturally of low efficiency. In 
case of the electric gear, in addition to its natural high efficiency, 
the motor is started and stopped each time the rudder is started 
and stopped and the current is entirely cut off when the rudder 
is at rest. 

А small amount of heat is generated in the rheostat control 
of the motor but it is quite insignificant as compared with that 
of the steam engine and not sufficient to cause any inconvenience 
in the compartments adjacent. On the Des Moines the officers 
mess room is located not more than 20 ft. (6 m.) from the steering. 
engine room yet they reported no inconvenience whatever from 
the heat experienced cven in the tropics. 

One of the officers on the Des Moines, after a cruise through the 
tropics, reported that with the temperature at 82 deg. fahr. on 
the bridge that of the steering and engine room was 98 deg. fahr. 
and the comment was further made which forms a very convinc- 
ing argument in this connection, that a quartermaster on the 
vessel had complained that “іп the old days when we had steam 
on here we could dry clothes in the steering engine room in twenty 
minutes, but now that place is no good for drying clothes." 

We are also pleased to include the final comments of this officer 
Ensign W. А. Edwards, in the article prepared by him for the 
Naval Institute Procecdings after he had served some time on 
both the Des Moines and Chester. 

“From the intimate relations which I have had with this. 
method of steering, from the most excellent results which I have 
seen produced and from the numerous advantages which it seems 
to possess over any other method in use today, I cannot help but 
fecl that the electric steering gear is up-to-date and furthermore, 
that it has come to stay." 

He further says: “ In summation of the above remarks I 
would say that at the time of the present writing, Nov. 15, 1912, 
the Des Moines has covered 3600 miles (579 km.) in continuous 
service, most of which was done in the tropics, during which time 
the electric steering gear was used constantly without a single 
breakdown of any kind." 

With reference to Ensign Edward’s above statement, the writer 
wishes to explain, however, that thereafter a few minor difficulties 
were experienced with the Des Moines! gcar due to breakage of 
certain parts owing to the largely experimental nature of her 
equipment. The installation was recently overhauled at the 
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navy yard, the minor defects in this first installation remedied 
and the Des Moines is again in the tropics with the electric 
gear as the only means of steering. 

The battleship Texas, the special description of whose gear is 
given above, was during the latter part of October on her official 
trial trip lasting in all about 12 days. As she left the shipyard 
the steam steering gear was in use and the electric gear not thrown 
in until about a day later when the vessel was some distance up 
the coast. Although this electric gear was an entirely new equip- 
ment to all those on board and in charge of its operation, it at 
once made friends and the steam gear from that time until the 
vessel returned to the shipyard, about ten days later, was not put 
into operation except for two or three hours to actually try out 
its operation, and the electric gear was immediately thrown in 
again after this short steam trial. The power required in the 
operation of the electric gear, both in tests going full speed 
ahead and full speed astern are shown on the curve sheet in Fig. 
12. In going astern the engine revolutions were about 80 per 
cent of the revolutions at full speed ahead. 

The curves taken from the recording ammeter used during 
the trials, while giving a good relative indication of the perfor- 
mance of the gear at various points in the rudder travel and 
under various conditions, cannot be taken as an accurate repre- 
sentation of actual motor values, the meter in question meeting 
with an accident during the preliminary trials and requiring 
repairs at sca without an opportunity of careful re-calibration 
and as compared to portable direct reading test meters which 
were also used and the dynamo room meters the recording meter 
shows at times an excess of current values of 25 to 35 per cent. 
In the case of the peak starting currents, however, the inertia 
of the switchboard and test meter needles would probably pre- 
vent them from reaching as high values as the recording meter 
which 1s more sensitive. 

Reference to the curve sheet from the recording meter indicates 
the most severe conditions were imposed at full speed astern. On 
some of the backing tests the interruptions to the steady flow of 
the current were caused by the helmsman, when he saw no 
immediate indication of rudder travel on the helm angle indicator 
and believed that at the moment the motor was not moving. As 
a matter of fact, the motor was turning very slowly at the points 
of interruption until finally about the 223 deg. rudder position 
was reached when the motor accelerated quite rapidly. After 
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this the load fell off gradually as the rudder became more nearly 


parallel with the strcam lines. 
the water pressure against the rudder, due to the backward 


motion of the ship, actually assisted the motor. 


When past the central position 
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The rudder was turned from 20 deg. right to 20 deg. left 
going full speed ahead in about 163 seconds and from hardover 


The starting current on the direct- 


to hardover 1n about 31 sec. 


(The recording am- 


reading meters was about 1250 amperes. 
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meter at the same points indicating about 1700 amperes.) This 
refers to the full speed position with master controller thrown 
promptly to the Jast point. About 800 amperes were required 
on the first or slow-speed notch which was also similarly indicated 
by the recording mcter. On this slow-speed position the motor 
made about 150 rev. per min.; on the second or full-speed notch 
the running current frequently varied from 150 to 400 ampcres 
depending upon the position of the rudder with a motor specd of 
300 to 400 rev. per min., except at extreme angles, where the cur- 
rent increased rapidly and the motor speed decreased as shown 
by the curves. 

The following data were taken during the official trial trip 
with the direct reading meters: 


Ampere Ampere 
Peak Steady Volts 
Ship at anchor 
full speed position. .......... 1220 150 120 
half * Bo Hd ag dd 1220 800 u 
Ship full speed ahcad, 
full speed position........... 1220 110 with strcam s 
400 against “ 8 
half speed position........... 1220 800 ы 
Ship full specd astern 
half speed position........... 1300 800 all conditions “ 
full s GO ааа gs 1300 150 near amidship  * 


Running astern full speed, with motor on full-speed control 
point, steady amperes started about 1100 turning rudder from 
hardover position towards center, and dropped to 150 amperes 
near center line of ship. In starting from hardover position 
the rudder movement was very slow, increasing as the rudder 
neared the center line. 

The following data were taken on dock trial on the gear before 
leaving the shipyard. 

Line volts 120; amperes max. 1200; steady 116; rev. per min. 410 (second 
notch). 

Time for rudder travel 20 deg. right to 20 deg. left, 15 sec. 

Time for rudder travel * hardover to hardover "70 deg. total, 26 sec. 

In connection with the Texas' trials it may be stated in 
general that great satisfaction was expressed by all those on board 
at the results obtained. And if we assume that 1600 amperes as 
indicated by the recording meter was the maximum running cur- 
rent required (which is certainly high owing to the errors of the 
meter explained above), it will be noted, from the curves in 
Fig. 11, that this corresponds to 60 per cent overload on this 
150-h.p. motor or 100 per cent overload on a 120-h.p. motor. Jt 
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therefore appears that there was considerable reserve power 
available for turning under the extreme conditions, and that the 
original motor calculations based on 120-h.p. as shown on curve 
sheet Fig. 10 would have been quite sufficient for the require- 
ments. In connection with the time of 163 sec. actually obtained 
to operate the rudder through the 40 deg., it may be stated that in 
the calculations the total time was taken as twice that required 
to travel from 0 to 20 deg. and no allowance made for the in- 
creased speed of the rddder in traveling with the stream lines 
from 20 deg. to 0. "This accounts largely for the difference 
between the 163 sec. obtained and the 20 sec. required. 

From the above data and results obtained on tests of other 
installations it has been found that the power required to turn 
the rudder changes greatly with the varying conditions which will 
obtain during the steering of the vessel, and the deductions 
would appear to be warranted that the maximum torque 
required when moving the rudder from zcro to hardover 
is greater than that required when moving from about 20 deg. 
to hardover after running for a brief period at the 20 deg. position. 
Also that the maximum torque required when moving the rudder 
from hardover to hardover is greater than that required for mov- 
ing the rudder from zero to hardover. This it is believed can 
readily be accounted for by the change in direction of the flow 
of water against the rudder. If the rudder is at 20 deg. and the 
vessel turning the direction of the stream lines is not nearly so 
perpendicular to the plane of the rudder as would be the case if 
the rudder were at zero and moved to hardover, the hardover 
position of the rudder being attained, of course, before the vessel 
had answered its helm. Similarly, if the rudder is at the hard- 
over position and moved immediately to the hardover position 
in the reverse direction, the direction of flow of the water against 
the rudder is more nearly perpendicular to its plane than would 
be the case under either of the conditions mentioned. 

From the above it is apparent that no definite deductions can 
be made as to the efficiency of the mechanism without taking into 
account the exact conditions under which readings are taken, 
especially with reference to the angle of stream lines against the 
rudder, as data taken under various conditions would seem to 
indicate an efficiency of the mechanism ranging from about 23 
to 35 per cent. In the case of the Texas our assumption of 35 
per cent total efficiency for the gearings was apparently very 
nearly correct. 

The results obtained from various installations show interest- 
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ing facts regarding power required to move the rudder when 
backing. In the case of the Mississippi the backing test showed 
much more power to be required in backing than in going ahead. 
In the case of the T'exas, however, the backing power is but little 
different from that required at full speed ahead, which we assume 
may be accounted for by a difference in balancing of the rudders 
for the two vesscls, as a difference in the amount of rudder bal- 
ance would naturally produce a difference in this respect. It is 
ordinarily assumed that the condition imposed in backing 
is much more severe than going ahead and the results obtained 
with the Texas on this point, are, therefore, especially interesting. 


CONCLUSIONS 


In conclusion we believe that the results from trials and ser- 
vice operation of these several installations show that the results 
previously enumerated to be accomplished by the use of the elec- 
tric drive have been fully attained. The popularity of the elec- 
tric gear with those who have been concerned in its operation 
would seem to have bcen clearly established, and 1n addition to a 
saving in weight, space and efficiency, an ease and accuracy of 
control has been obtained which has not only eliminated all effort 
for the helmsman in stcering the vessel but has enabled him tc 
kcep on the course with smaller and fewer movements of the helm. 

The results on the Texas have shown that our calculations 
of ihe horse power required were fairly accurate and the results 
obtained have indicated that the capacity actually installed was 
more than necessary, and considering the fact that the rudder on 
this vessel was operated throughout the 40 deg. required in 16% 
sec. instcad of 20, which would have permitted a still greater 
ratio of gearing to have been installed within the requirements, 
it isapparent that had such a gearing been provided a motor but 
little in excess of 100 h.p. rating of this type would have been 
sufficient for the work. This 1s in marked contrast to the size 
and rating of a steam engine which would be necessary for the 
same service. It may be noted also in this connection what a 
large proportion of the power 15 used in the operation of the 
screw gear itself and where a more efficient type of gear isem- 
ployed the motor horse power would be still further reduced. 

In view of the above it appears to us that the electric gear is 
up-to-date and has come to stay and it docs not seem therefore, 
too much to predict that electricity will in the future be used 
generally as the power for the steering of vessels. 


To be presented at the 296th Meeting of the Ameri- 
can Institute of Electrical Engineers, Pittsfield, 
Mass., May 29, 1914. 


Copyright 1914. By A.I.E.E. 
(Subject to final revision for the Transactions.) 


EXPERIENCES WITH LINE TRANSFORMERS 


— MD 


BY D. W. ROPER 


ABSTRACT OF PAPER 

This paper presents an analysis of the transformer troubles 
for one year on a system having nearly 15,000 transformers 
installed. This analysis indicates that about 50 per cent of the 
troubles traceable to the transformer can be eliminated, with no 
great expense, by some slight changes in the construction details 
and some improvements in operating methods. 

Reference is made to the Standard Specifications for Line 
Transformers issued by the Bureau of Standards. Ап ехрегі- 
ment on 1600 transformers with the connection board removed 
or submerged proved that the connection board above oil was 
responsible for about 60 per cent of the transformer troubles due 
to lightning. Curves showing the record of burnouts of four 
different makes of transformers are used as a basis for a dis- 
cussion of effect of the value placed on continuous service in 
the selection of transformers. 

The results of experiment with improved lightning protection 
arc given, showing how the troubles were reduced by two-thirds. 
By taking advantage of the results of the two extended experi- 
ments, itshould be poss:ble to reduce the troubles due to lightning 
to about 10 per cent or 20 per cent of the troubles heretofore 
experienced. 


we recent years the line transformer has been developed 

by the manufacturers into one of the most efficient and reli- 
able pieces of electrical apparatus. It is fortunate for the central 
station industry that this is the case, as the distributing trans- 
former, next to the meter, is the piece of apparatus nearest to 
the customer and for that reason its shortcomings would Бе 
most readily noticed. While the breakdowns of apparatus or 
transmission lines in general involve only a very bricf inter- 
ruption to the service, if any, the failure of a transformer gen- 
erally means an interruption of several hours and especially 
so if it is located in a sparsely settled region where inter-connec- 
tion of secondaries is not possible. 

That the transformer is a reliable piece of apparatus is evi- 
denced by the fact that last vear the total cost of maintenance 
and repairs of all transformers on the distributing system with 

133 
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which the author is connected was about 2 per cent of the value 
of all transformers at present prices. This figure indicates that 
any sugyestions for improvements would be in the nature of 
refinements in design or construction, and further, that if such 
refinements involve any material increase in the price they 
would be justificd only for those companies which place a 
high value on continuous service to their customers. It ap- 
pears possible, however, by some slight changes in the de- 
tails of construction of the transformer and some improvements 
in operating methods, and without any material additional 
expense, to eliminate about 50 per cent of the troubles directly 
traceable to the transformer. 

After witnessing the laboratory tests to which the modern 
transformer can be subjected without injury and after noting 
the excellent results of the tests for copper loss, iron loss and 
regulation, it is difficult to state just how further improve- 
ments in the transformers might be made. If, however, an 
operating company having approximately 15,000 line trans- 
formers in service adopts continuous service as a bogev score 
and keeps a careful record of the troubles experienced with 
the transformers in service, the lines to be followed in making 
further improvements in the quality of transformers and in 
their details of construction become somewhat more apparent. 
A record of the transformer troubles on the system familiar 
to the writer for the ycar 1913 is given in Tables I and II. 

In discussing possible improvements in the specifications of 
transformers, it is convenient to use as a basis the standard 
specifications for transformers issued by the Burcau of Stand- 
ards as Circular No. 22 in 1911. The introductory paragraph 
in these specifications reads as follows: 

These specifications have been drawn up with the purpose of provid- 
ing a standard specification for the purchase of transformers of the type 
most commonly used both by the government departments and by other 
purchasers. They have been so drawn as to secure the most service- 
able apparatus on the market, and at the same time to admit the regular 
product of reputable manufacturers. To this end the coóperation of 
government engineers and of representatives of many of the lcading 
manufacturers has been sécured, and it is largely due to help and criti- 
cism from these sources that the specifications are representative of the 
best practise among manufacturers. 

It is assumed that these specifications fairly represent the 
present American practise. The criticisms of the specifications 
which follow are, therefore, to be considered as being directed 
against the present practise rather than against the specifications. 
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TABLE 1 


RECORD OF TRANSFORMER TROUBLES FOR THE YEAR 1913. 


Cause of Troubles 


Grounds 
and short Miscel- Total 
Size of circuits laneous С; transformer 
trans- Light- Over- Defect- (оп second-| and un- 8 in service 
formers ning. loads ive. ary known © Dec. 31, 1913 
5 wiring 
Number of cases of trouble. 
| 
1 4 _ 2 - 2 8 444 
1.5| 26 2 4 | 2 12 46 1.108 
2 16 2 1 3 6 28 1,100 
2. 5and3 21 3 3 2 3 32 2,235 
4 13 2 4 | - | 2 21 1,056 
5 9 = 4 1 6 20 1,951 
7.5 23 _ 2 _ 11 36 2,071 
10 9 _ 2 1 1 13 1.626 
15 2 1 - - - 3 1,113 
20 1 - - _ _ 1 515 
25 1 _ _ _ _ 1 350 
30 1 - - - - 1 207 
37.5and40 - 1 _ 1 2 139 
50 2 1 1 - 1 5 241 
75 - - - - - 0 43 
100 1 _ _ _ 2 3 54 
150 - - - - - 0 3 
200 - - _ _ _ 0 16 
250 _ _ - - - 0 2 
Totals, 129 12 23 | 9 47 220 14,274 
Total capacity, 129,056 kw. 


Approximate total value at present prices, $1,000,000 


TABLE II 


RECORD OF THE FUSES BLOWN AND CUT-OUTS DESTROYED DURING 
THE YEAR 1913. 


Due to Other 
Lightning Causes Total 
Ризез Ыотп,.............................. 911 678 1,589 
Transformers burned ойб,................... 129 91 220 
Total cases of trouble,...................... 1,040 769 1,809 
Cut-outs destroyed,........................ 77 332 409 


Ratio of cut-outs destroyed to total cases of 
troublé;. cs же ж МЫ е eres 7.4 43. 22.5 
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The experiences of the author on which this paper is based 
have been gathered during his connection with the system of 
the Commonwealth Edison Company in Chicago, and it will 
be understood, unless otherwise specified, that the experiences 
and records herein mentioned refer to the system of this company. 
As this distribution system covers about 125 square miles of 
territory, including sparsely settled suburban districts, as well 
as thickly settled urban territory, it is thought that the instal- 
lation may be regardcd as fairly typical. 


NAME PLATE 


The standard specifications require a name plate, but make 
no mention as to its location. It is the custom of the manu- 
facturers to furnish a name plate on which the lettering is of 
sufficient size to be read when the transformer is standing on 
the storeroom floor, but which is somewhat more difficult to 
read when the transformer is installed on the polc. Securing 
the correct number of a transformer is made particularly dif- 
ficult in the larger sizes of transformers because the name plate 
is located on the front of the case near the top. This puts the 
name plate so far from the pole that the lineman must unsnap 
his life belt in order to get in a position where he can read the 
name plate. If the safely first campaign is to be extended to 
name plates on transformers, they will be located in such a 
position and the lettering will be of such a size that a lineman, 
without risking his life, can read the name plate while the 
transformer is in position on a pole. 


CASES 


The standard specifications provide for cycbolts or hooks 
for handling transformers. The transformers, however, must 
be handled many times while in the storeroom or in transit 
from the storeroom to the line. Last year, in Chicago, the num- 
ber of transformers replaced in order to increase the capacity 
was equal to the number installed, and the total number handled 
during the year was over 40 per cent of the number on the lines 
at the end of the year. Transformers of 5 kw. and smaller 
capacity comprise over 60 per cent of the total number in- 
stalled. With the class of help that is used in this work it is 
very difficult to prevent the men from using the primary or 
secondary leads as handles. It appears possible for the manu- 
facturers, at no great expense, to fashion the covers of the 
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smaller sizes of transformcrs so as to provide a handle on each 
side that would be somewhat more convenient for the purpose 
than the primary leads. 

No mention is made of terminals on the primary or secondary 
leads, but such terminals appear to be quite desirable and are 
furnished by some manufacturers. It has been suggested that 
terminals should be located just outside of the porcelain bush- 
ings with a solid rod through the bushing. If this could be donc, 
the leads would be so short that there would be no temptation 
to use them as a handle and, in addition, the solid rod scaled 
into the bushings would absolutely prevent the siphoning of. 
the oil through the leads. In this manner two of the most 
aggravating petty annoyances in connection with transformers 
would be climinated. 

Сст-Оств. 

Тһе specifications require two primary cut-outs to Бе furn- 
ished with each transformer, but make no mention as to the 
qualities desired by these cut-outs, assuming apparently that 
any cut-outs supplied by the manufacturer will be satisfactory. 
This assumption is not warranted by experience. The number 
of cut-outs replaced in a year exceeds the total number of 
burned-out transformers, indicating that the cut-outs are a 
less reliable piece of apparatus than the transformers. On the 
system under discussion the larger sizes of transformers were 
opcrated without .cut-outs for several years, as it was found 
that better service could be given to customers in this manner 
than with the types of cut-outs which were available. 

If a company is buying transformers on specifications, the 
probabilities are that within a few years there will be trans- 
formers on hand made by several manufacturers and as several 
makers furnish their own type of primary cut-out with the 
transformers, the operating company will soon have several 
types of cut-outs and must keep in stock and furnish to their 
troublemen a full line of the various sizes of primary fuses for 
each of the several makes of transformers. It would be a better 
plan to have the transformer furnished without cut-outs and for 
the operating company to secure the cut-outs that are found 
to be best adapted to its purpose, using one tvpe for the smaller 
sizes, with one or two additional types of cut-outs for the larger 
sizes of transformers. Enclosed fuses appear to be the only 
satisfactory type for the sizes above 40 kw. Some of the 
points that should be included in the specifications for trans- 
former cut-outs are as follows: 
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(1) They should be capable of opening the circuit of the 
transformer whether the short circuit occurs when the cut-out 
is cold or when it is hcated, due to the load. 

(2) It should be impossible for the plug to drop out due to 
the jarring of the pole, or to be blown out by blowing of the fuse 
or by short circuits or arcing in the cut-out. 

(3) It should have sufficient distance between terminals so 
that if the fuse blows in a driving rain or wet snow storm, the 
current will not leak across the cut-out between terminals and 
destroy the cut-out. 

(4) The plug should be provided with a handle of such size and 
shape that the cut-out can be readily removed by a troubleman 
when wearing rubber gloves and when the handle is wet with 
rain or covered with slect. 

(5) The plug should have a shicld of such size and shape 
that when the plug is inserted on a short-circuited transformer 
the resulting arc will not cause any injury to the troubleman. 

(6) The cut-outs for the smaller sizes of transformer should 
be designed for the use of metal strip fuses. The fuse-holding 
parts should be designed so that the fuse can be readily replaced. 

Some further attention should also be given to the subject 
of the metal strip fuses for primary cut-outs. Im some parts 
of the city these fuses corrode badly, reducing the cross section 
of the strip so that the fuses will blow on light loads, and with- 
out any apparent trouble in the transformer or on the cus- 
tomer's premises. Some experiments are being made with 
coated fuses which it is hoped may eliminate this trouble. 


CONNECTION BOARDS 


The specifications require that: “ The ends of the primary 
coils shall be brought to a convenient connection board of por- 
celain or other suitable material within the case and so arranged 
that the primary coils may be put in series or in multiple ”, 
and also that: ‘“‘ Sufficient oil shall be furnished to completely 
immerse core, windings, and connection board. ”’ 

Al of the manufacturers do not agree that the terminal 
board should be submerged. It has even been contended that 
the connection board could be so designed and located that 
the lightning would jump across the terminals of the primary 
coils or from the primary terminals to the cover before the po- 
tential across the terminals of the coils could rise sufficiently 
high to burn out the coils. In looking for evidence bearing on 
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this theory it was found that the repair shops had bceen, for 
several ycars, removing the connection boards from all trans- 
formers that were re-wound, and that the percentage of troubles 
on these transformers was less than with new transformers 
containing connection boards. An investigation was made 
of all the transformers whose fuses had blown during a severe 
lightning storm, and signs of arcing at the terminal board were 
found in a large percentage of the transformers. These facts 
seemed to indicate that the connection board was the cause of 
many of the troubles during lightning storms. For the purpose 
of checking this theory one circuit with a total of about 250 
transformers was equipped with transformers having the con- 


TABLE III 
COMPARATIVE RECORD OF TRANSFORMER TROUBLES DUE TO LIGHTNING 
WITH TRANSFORMERS HAVING CONNECTION BOARDS ABOVE OIL AND WITH 
CONNECTION Boarps REMOVED OR SUBMERGED. 


Location of 
connection boards. 


Above Removed or 
oil. submerged. 
1. Number of transformers,.................... 9,878 1,648 
2. Fuses blown without damage to transformers, Number 770 56 
Percent 7.8 3.4 
3. Coils burned out,.......................... Number 74 10 
Percent 0.78 0.61 
4. Connection boards damaged, lcads burned off, 
Gies ОНГ КЕККЕ Le ana КОО КО ЕСТ ЕЕ Number 46 0 
,Percent 0 .36 0 
5. Total classed as burn-outs, sum of items 
d and du ose ak S roba das aene e ade R Number 113 10 
Percent 1.14 0 .61 
6. Total cases of trouble sum of items 2,3 and 4, Number 883 66 
Percent 8.95 4 .01 


------------------------------ — — сене < АЖА l ə ə - — AN  — — n  —s-xnUFEu—— xn F € — 


nection boards removed or submerged. Careful records were 
kept during the succceding year, but the results were disappoint- 
ing due apparently to the small number of transformers involved 
in the experiment. Before the following lightning season ar- 
rived, additional circuits were provided with transformers 
having the connection boards removed or submerged, so that 
the total number exceeded 1,600 transformers. The scheme 
of lightning protection was not changed so that the only dif- 
ference between these transformers and those conforming to 
standard practise was the removal or submerging of the term- 
inal boards. The results of this experiment for the year 1913 
are shown in Table III. In this table, under the heading 
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“ Fuses blown ” are included all cases of trouble which involved 
blowing of the primary fuse but which left the transformer in 
operating condition. Under “ Burn-outs ” are included all 
transformers which were not in condition for service and had 
to be replaced. The results as shown in this table indicate 
that the terminal board above oil 1s the cause of about 60 per 
cent of the troubles during lightning storms. The results fur- 
ther indicate that the connection board docs not act as a light- 
ning arrester in protecting the transformer coils from damage, 
but on the contrary that a larger percentage of coils are burned 
out when transformers are provided with such connection boards 
above oil than when they are removed or submerged. 

It appears, therefore, that the standard specifications have 
taken a long step forward in specifying that the connection 
boards must be submerged under oil, but as only a small per- 
centage of the transformers that are provided with connection 
boards are ever used on 1,000-volt circuits, it is therefore sug- 
gested that a further improvement could be made by requir- 
ing that transformers for use on 2,000-volt circuits shall be 
furnished without connection boards and limiting the use of 
transformers with submerged connection boards to those com- 
panies which have 1,000-volt distributing circuits. 


OIL 


The standard specifications require that oil be furnished. with 
the transformers. The situation. with. oil is somewhat similar 
to that regarding cutouts. Each of the several manufacturers 
furnishcs a different type of oil so that with several makes of 
transformers in use it would be necessary to keep on hand 
several kinds of transformer oil and to see that the proper kind 
of oil was sent out with each transformer. It is possible to 
obtain a good grade of transformer oil which is entirely suitable 
for use with all of the several makes of transformers now on 
the market. Therefore, it appears to be a better practise in 
purchasing transformers on specifications, to require that they 
shall be furnished without oil, and to buy the oil separately 
under proper specifications, provided, howcver, that the pur- 
chaser has suitable facilities for making the necessary tests. 


DEsiGN, MATERIALS AND WORKMANSHIP 
The standard specifications contain a paragraph reading as 
follows: ‘ Action¥upon these features will be based on the 
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requirements of the specifications and observations made while 
the apparatus is under test. " Later in the specifications, under 
the head of “ Basis for Comparing Guarantees ", is a paragraph 
rcading as follows: 


In case the proposals offered by different bidders in accordance with 
these specifications guarantee core losses less than those specified in 
Table I, each watt of difference shall be evaluated at $0.88 for purposes 
of comparison. For the same purpose, copper loss shall be evaluated 
at $0.33 per watt for cach watt difference between valucs specified in 
Table I and the full-load value guaranteed by the bidder. 


An inference that can be readily drawn from these two para- 
graphs is that having passed the qualifying specifications and 
having bcen subjected to a critical examination while the trans- 
former was under test, the several transformers furnished by 
the various manufacturers are 
then to be considered of equal 
value except as to the copper 


12 


Уто 
5% апа iron losses апа that the 
° : relative value of the transformers 
3 submitted by the different manu- 
š : facturers can then be deter- 
5. тіпей by the process of valua- 
5; tion above described. If this 
Pc assumption was borne out by 
i : experience, then we would expect 


dee шый тыйм аков 0 to find that the percentage 
Fic. 1 of burnouts of the various 
makes of transformers from all 
causes during the period of the year was approximately equal. 
In Fig. 1 are shown the results of a recent year’s experience 
with four different makes of transformers. All of the trans- 
formers included in these results have passed tests virtually 
identical with the qualifying specifications above referred to, 
but as shown by the figure there is a wide range in their ability 
to withstand the conditions of service. The percentage of burn- 
outs in service for the best transformer was about one-third 
of the percentage for the rest. It is, therefore, submitted that 
it should be possible to devise a specification so that there 
would not be as great a range in quality of the transformers 
which have passed the specifications. 
In order that the cost of the transformer losses and the cost 
of repairs of the various types may be shown in their proper 


742 ROPER: LINE TRANSFORMERS [May 29 


relation to each other, the results shown in Fig. 1 have been 
applied to the entire installation, assuming that all of the trans- 
formers on the svstem are of cach of the several types, and 
estimates made showing what the total cost of repairs for one ycar 
would have been for each of these types of transformers. The 
iron and copper loss guarantees were also obtained from the 
same four manufacturers and the total losses for one year were 
calculated on the assumption that all of the transformers were 
furnished by cach of the several manufacturers. The results 
of these calculations with different values assumed for the 
losses and for continuity of service are shown in Tables IV and 
V. It is not intended that the assumed values should represent 
the opinion of the author as to the value of these items, but they 


TABLE IV 


OPERATING Costs OF FovR TYPES OF TRANSFORMERS FOR THE 
YEAR 1913, UNDER ASSUMED CONDITIONS 


A B C D 

1. Cost of iron and copper losses at an as- 

sumed value of 1.5 cents per 

КЕМЕНІ зама ae boe Dae ИИО $158,600 | $145,300 | $116,000 | $154,000 
2. Replacing and repairs,.............. 7,700 | 11,100 14,900 19,800 
3. Estimated loss of incomc, due to | 

Dürnoulsie «er bee x te ЕЗ 205 , 370 510 675 

= | laf er 2 ылы =” as 

1. Total of items 1, 2 and 3,........... $166,565 | $159,770 | $161,110 | $171,175 
5. Loss of prestige, | (assumed as 15 

times loss of income)............ 3,975 | 5,550 7,650 10,125 
6. Totals of items 4 and 5,............. $170,540 | $165,320 $169,060 $154,600 


were assumed over a wide range for the purpose of showing 
the effect which these values would have in the selection of the 
best type of transformer for any particular set of conditions. 
An inspection of these tables shows that the determination bv 
an operating company of the best transformer for its purposes 
depends upon the values placed bv it on the transformer losses 
and on the continuity of service. If it places a high value on 
the transformer losses, this feature will determine the best 
transformer for its purposes. The figures also show that the 
cost of repairs is a comparatively minor 1tem and that a high 
value must be placed on continuity of service in order that 
the savings due to the most reliable transformer may offset the 
cost of its increased losses. 
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THE PROTECTION OF TRANSFORMERS 


Transformers while in service must be protected from over- 
loads and from lightning. It is customary to endeavor to pro- 
tect against overload by means of primary fuses. In practise, 
a great many minor troubles occur on the premises of customers 
which will blow the primary fuses. Such troubles should result 
in the blowing of the secondary fuses on the premises of the 
customer and the primary fuses should not blow unless there 
is trouble within the transformer. To secure this result, the 
transformer must have primary fuses corresponding to several 
times its rated capacity, so that a slowly increasing load would 
burn out the transformer. Protection from overloads is best 


TABLE V. 


OPERATING COSTS OF Four TYPES OF TRANSFORMERS FOR THE YEAR 
1913, UNDER ASSUMED CONDITIONS. 


A B C D 

1. Cost of iron and copper losses at an as- 

sumed value of 0.5 cents per 

о E c xU $52,860 $49,450 $48,690 $51,500 . 
2. Replacing-repairs,.............. 7,700 11,100 14,900 19,800 
3. Estimated loss on income, due to | 

burnouts,...................... 265 370 510 675 
4. Totals of items 1, 2 and 3,........... . $60,825 $60,920 $64,100 | $71,975 
5. Loss of prestige, assumed as 15| ` 

times loss of income)............ 3,975 5,550 7,650 10,125 


6. Totals of items 4 and 5,............ $64,800 | $66,470 | $71,750 $82,100 


secured by proper records and by occasional tests as a check 
on the records. During the year 1913, the number of trans- 
formers burned out by overload was less than one-tenth of one 
per cent of the number installed. This record indicates the entire 
feasibility of protecting transformers against overload by means 
of the records and tests. The primary fuse should therefore 
be regarded as a device for disconnecting a defective trans- 
former so as to protect the rest of the service, and not for the 
"protection of the transformer itself from overloads. 

Protection of distributing transformers against lightning 
has apparently not received the attention that it deserves. 
The record of lightning troubles for the year 1913 is shown 
in Fig. 2. These results show that the larger sizes of trans- 
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formers are comparatively immune from lightning, and that 
the greatest number of troubles occur with the smaller sizes, 
that is, the sizes below 10 kw. The number of transformers 
of these sizes comprise about 70 per cent of the total installa- 
tion, so that the transformers 
which are most susceptible to 
damage by lightning are the 
most numcrous. It is sug- 
gested that careful attention 
by the manufacturers to the 
primary bushings, the clear- 
ance of the primary leads in- 
side the case, the manner of 
their support and other minor 
details, would probably result 


PER CENT OF TRANSFORMERS IM SERVICE 


| Ú 2 3 4 5 7S X i$ 20 25 30 40 50 


in a matcrial improvement in SIZES OF TRANSFORMERS. k w, 
these records. Fic. 2 


In addition to the experi- 
ments mentioned above, which involved the removal of connec- 
tion boards from a large number of transformers, some further 
experiments were made in another area, which consisted in 


TABLE VI. 


RECORD OF TRANSFORMER TROUBLES DUE TO LIGHTNING, SHOWING THE 
IMPROVEMENT IN SERVICE DUE TO THE INCREASED LIGHTNING ARRESTER 
PROTECTION. 


Ratio of 
arresters 
to transformers 


— -_— —r — n —— Ü V.  — —r[M ы к =P lsrT --—  —rU n nn 


| 40 per cent |100 per cent 


On 
On transformer 

Location of arresters, line poles. poles. 

Number of (гапсіогтпетв,............................... 9,878 1,560 
Fuses О И ооа X Va De Rie CM Number 770 85 
Percent 7.8 5.5 

Transformers burned очї,....................... Number 113 6 
Percent 1.15 0.39 


Note: All transformers had Ccnnection boards above oil. 


installing lightning arresters upon the same pole with each of 
a large number of transformers. The remainder of the dis- 
tributing system in question is protected by arrcsters not located 
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on the transformer poles but scattered over the lines at a dis- 
tance of about two thousand feet, resulting in a ratio of arresters 
to transformers of about 40 per cent. The results of these ex- 
periments are shown in Table VI. 

In that portion of the territory where there was an arrcster 
on the same pole with each transformer, the results to date as 
compared with the older practise indicate that the percentage 
of transformers burned out by lightning is reduced by about 
two-thirds. The several experiments indicate that by the 
combination of the two schemes and possibly by some further 
improvements in some details of the transformers and in the 
design of the lightning arresters, there should be no great dif- 
ficulty in reducing the percentage of cases of trouble due to 
lightning to one-fifth, and possibly to one-tenth, of those ex- 
perienced in former ycars. It 1s hoped that more definite and 
complete information on this subject may be available within 
another year. 


Digitized by Google 


To be presented at the 296th Meeting of the Ameri- 
can Institute of Electrical Engineers, Pittsfield, 
Mass., May 29, 1914. 


Copyright 1914. By A. I. E. E. 
(Subject to final revision for the Transactions.) 


EXPERIENCE OF THE PACIFIC GAS AND ELECTRIC CO. 
WITH THE GROUNDED NEUTRAL 


BY J. P. JOLLYMAN, P. M. DOWNING AND F. G. BAUM 


ABSTRACT OF PAPER. 


The paper gives an outline of the distributing system of the 
Pacific Gas and Electric Company of California which operates 
at 60 kv., the transformers being Y-connected, withthe neutrals 
solidly grounded. The company considers the grounded netural 
system has a number of important advantages with regard to the 
transformers, the transmission lines, and operation. 

The fewer turns of larger capacity of the Y-connected trans- 
formers and the fixed lower average voltage to ground greatly 
increases their reliability. 

The maximutin voltage on the line insulators with the grounded 
neutral is never more than 57.7 per cent of theline voltage, and 
it is possible to maintain polyphase service at a substation on a 
branch line with only two wires in case one wire should be cut out. 
This cannot be done on a delta system unless one phase of the 
system be grounded, which 1s very undesirable. 

With a grounded neutral, a wire down is instantly detected and 
power must be shut off. In а delta-connected system ап 
arcing ground is often followed by surges which break down thein- 
sulation at other points, the cause of this disturbance being the 
oscillatory character of the arc. In the grounded Y system no 
such disturbances occur, as the frequency of an arc to ground 1s 
the same as that of the system and any damage is confined to the 
point of failure. 

It 15 also believed that operation with the grounded neutral 
causes less disturbance in telephone and telegraph lines than 
would be the case in delta-connected lines. 


HE PACIFIC Gas and Electric Company operates a 
very extensive 60-cycle transmission network in Central 
California. The 60-kv. system comprises about 1260 miles 
(2027 km.) of three-phase circuit. It is supplied directly by 
nine hydroclectric plants having an installed generator capacity 
of 67,310 kw. and three stcam plants having an installed turbo- 
generator capacity of 68,000 kw. In addition there are 14,300 
kw. of steam cngine-driven gencrators in the company's steam 
plants which are held in reserve. The 100-kv. system which has 
just been put into operation has one hydroelectric generating 
station of 25,000 kw. capacity and 109.5 miles (176 km.) of 
circuit. The entire output is fed into the 60-kv. system through 
one substation. 
747 
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For the purpose of the receipt or delivery of power the 60-kv. 
system 1s connected as follows: at Chico to the 60-kv. system 
of the Northern California Power Company; at Santa Rosa with 
the 60-kv. system of the Snow Mountain Water and Power Com- 
pany; at a point near Folsom with the 60-kv. system of the Wost- 
ern States Gas and Electric Company; and at Oakland, through 
transformers, with the 100-kv. system of the Great Western 
Power Company. 

These connections very considerably increase the length of 
circuit and total generator capacity connected to the 60-kv. 
system. The entire 60-kv. and the 100-kv. systems are usually 
operated in parallel. 

The transformers at all the company’s own generating stations 
and at all important substations have their high-tension windings 
Y-connected with the neutral solidly grounded. The low-tension 
windings of the generating station transformers are nearly all 
delta-connected as are also about half of the substation trans- 
formers. The remaining substation transformers have both 
windings Y-connected with solidly grounded neutrals. In most 
of the substations where the low-tension windings are delta- 
connected, a switch is provided between the high-tension neutral 
and the ground, which is normally kept open. This avoids the 
short-circuiting of one transformer in case of a ground on the 
transmission system and prevents the substation being cut off 
from the svstem by the opening of the protective devices on the 
high-tension side of the transformers. There are over 225,000 
kw. of 60-kv. transformer capacity in the company’s own generat- 
ing plants and substations. 

The Northern California Power Company, the Snow Mountain 
Water and Power Company and the Western States Gas and 
Electric Company operate their transformers Y-connected with 
the neutrals solidly grounded. The connection with the Great 
Western. Power Company is through transformers connected 
delta to delta. This method of connection is not theoretically 
correct where power 15 to be fed from the delta-connected trans- 
formers into the grounded Y system, because a ground on one 
wire of the line connecting the delta-connected source of supplv 
with the grounded Y system will impress 173 per cent of normal 
voltage across the high-tension windings of two of the trans- 
formers in the grounded Y banks. The resulting disturbance 
in the low-tension circuits is very severe. Our experience proves 
conclusively that this method of connection is not desirable. 
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At all generating stations, and at all important junction points 
and substations the 60-kv. lines are controlled by oil switches. 
The lines are switched out under any condition of load or short 
circuit as occasion demands. The lines are also switched on at 
full voltage. We have operated in this manner for over 10 years 
and have never had any failures of transformers or of line in- 
sulation which could be attributed to this method of operation. 

We consider that the grounded-neutral system as compared 
with the delta system affords the following important advantages: 

1. With Regard to Transformers: Transformers are wound for 
only 57.7 per cent of the voltage required in the delta system. 
The average voltage to the neutral from all points of the windings 
is 50 per cent of the voltage from line to neutral; that of a delta 
bank is 69 per cent. The product of the turns times the average 
voltage to neutral in the Y-connected bank is 41.8 per cent of 
that in the delta-connected bank. The windings have 173 per 
cent the current capacity of the windings of a delta transformer. 

In addition there is only one line terminal per single-phase 
transformer, wiring for a spare unit is much simpler and the high- 
tension windings may be used as auto-transformers in supplying 
small amounts of power to lower voltage circuits. 

The connection between the Pacific Gas and Electric Com- 
pany’s 100-kv. system and the 60-kv. system is made with auto- 
transformers connected grounded Y. We believe this to be the 
simplest, most reliable and most efficient connection that can be 
made between two such systems.. 

Our transformers have given so little trouble that we have not 
had much occasion to try to maintain service with only two 
transformers. We have had no difficulty, however, in carrying 
loads up to 2000 or 3000 kw. with two transformers. 

Our experience confirms our belief that the fewer turns of greater 
current capacity and the fixed lower average voltage to ground 
of the transformers greatly increase their reliability. 

2. With Regard to Transmission Lines: The maximum voltage 
on the line insulators is fixed and is never more than 57.7 per cent 
of the line voltage. Ten years ago the pin type insulator was 
the only type obtainable and the low fixed maximum voltage of 
the grounded neutral system has unquestionably been of great 
assistance in securing the best service from this type of insulator. 

It is possible to maintain polyphase service at a substation 
on a branch line with only two wires in the event one wire should 
be cut out. This cannot be done on a delta system unless one 
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phase of the whole system be grounded and this is very un- 
desirable. 

3. With Regard. to Operation: With. the neutral grounded, a 
wire down is instantly detected and power must be immediately 
cut off. This is exceedingly important where many of the cir- 
cuits run through thickly settled districts. Inasmuch as prac- 
ticallv all our 1mportant loads are reached by two lines or are 
on a loop, service is not more than momentarily interrupted by a 
failure at onc point. i 

A linc of any length may be charged at full voltage without 
shifting the static neutral. It is impossible to close all phases 
of a circuit at exactly the same instant. In a delta system the 
first phase closed will increase the capacity to ground of that 
phase of the system and thereby draw the static neutral toward 
that phase. The second phase acts in a similar manner and the 
static neutral docs not return to the center of the delta until the 
three phases are closed. This sudden shifting of the static neutral 
is the cause of an unnecessary strain on the insulation of the 
system. We know of failures from this cause on delta-connected 
Systems. 

Finally, and most important of all, is the fact that in extensive 
high-voltage delta-connected systems a ground is often followed 
by a disturbance of such power that breakdowns of insulation 
at other points take place. Such a disturbance generally re- 
sults in serious damage to apparatus and service. The cause of 
this tvpe of disturbance is found in the oscillatory character of 
the arc which takes place from a delta-connected svstem to 
ground, together with a large amount of current which will flow in 
such an arc if the system is extensive. Inthe event of a ground 
on a delta-connected svstem, the charging current, which is a 
function of the voltage from wire to neutral, will be increased 
because the neutral 1s shifted from the center of the delta to one 
corner. This increase will be about 73 per cent. The current 
flowing 1n the arc to ground may be nearly equal to the increased 
charging current, and this on our 60-kv. system would amount to 
about 400 amperes. The circuit containing the arc, line re- 
actance and capacity from line to ground tends to oscillate. 
Such an oscillating arc is very likely to set up disturbances of 
high power especially when there is any such current as 400 
amperes involved. We have seen evidence that such a distur- 
bance may cause high voltage to ground on the wire on which 
there is an arcing ground. This fact would probably cause the 
operation of an arcing ground suppressor to be very unreliable. 
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Certain districts im which we operate occasionally have heavy 
fogs which are carried in from the Pacific Ocean by the pre- 
vailing westerly winds. It has been our experience in these 
districts that lines on pin insulators have given better service 
when operated grounded Y at 60-kv. than when operated delta- ` 
connected for a much lower line voltage. It seems probable 
that the leakage over the insulators in foggy weather was suffi- 
cient to sct up oscillatory disturbances which caused morc trouble 
than has the higher but more stable line voltage. 

We have found that the grounded Y system is entirely free 
from such disturbances as these. The frequency of an arc to 
ground is that of the system. Any damage is confined entircly 
to the point of failure. The short-circuit currents have not 
caused any damage to generator or transformer windings. Due 
to the distribution of the sources of power, any given point on the 
system will have a good many miles of line between it and several 
of the generating plants. Hence it is doubtful in many cases 
if more current would flow in a short circuit to ground than would 
flow to ground if the system were delta-connected. The drop 
over the lines from the more remote gencratiny plants to a point 
at which a ground may take place serves to prevent the voltage 
at points removed from the trouble from dropping to zero, and 
therefore the service is not seriously interfered with except in the 
vicinity of the trouble. 

We believe that the operation of our system with the neutral 
grounded causes less disturbance in the circuits, of our neighbors, 
the telephone and telegraph companies, than would be the case 
if we operated delta-connected. 

Bricfly, the induction in parallel telephone or telegraph cir- 
cuits 1s caused by any unbalanced currents in the phases of the 
high-tension circuit, and by the presence of voltage to ground on 
the line conductors. The last cause 15 by far the most important 
because the unbalanced currents during normal operation may be 
kept very small while the voltage to ground is always high. A 
ground on the grounded-Y system will not cause much, if any, 
more current unbalanced than will a ground on a delta-con- 
nected system. The unbalanced current is at normal frequency 
in the grounded-Y system in place of at a very much higher 
frequency as is usual on the delta-connected system, hence the 
parallel circuits are not affected so unfavorabiv. It 1s our ex- 
perience that cven a considerable amount of unbalanced current at 
the normal 60-cycle frequency has little noticeable effect on 
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parallel telephone circuits. The unbalance will be immediately 
removed from the grounded-Y system in all cases, whercas a 
delta-connected system may occasionally be operated a short time 
with a ground before a final shut-down takes place. The defi- 
nite limit on the voltage to ground is of very great advantage 
to the parallel circuit. 


CONCLUSION 


The operation of our high-tension network with the grounded 
neutral has been entirely satisfactory. We do not believe that 
we could give as good service, with as high a degree of safety to 
the public, with any other system. 


To be presented at the 296th Meeting of the Ameri- 
can Institute of Electrical Engineers, Pittsfield, 
Mass., May 29, 1914. 
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INFLUENCE OF TRANSFORMER CONNECTIONS ON 
OPERATION 


BY LOUIS ,F. BLUME 


ABSTRACT OF PAPER 


In this paper the relative advantages and disadvantages in 
operation of the more important three-phase transformer 
connections are discussed. Three conditions of operation are 
given: First, normal; second, operation of a bank with one phase 
disabled; third, effect of line grounds on operation. 

The paper is not complete, particularly in that high-frequency 
or switching phenomena are not discussed. Its major purpose 
is to give a fairly adequate presentation of insulation stresses at 
relatively low frequencies to which transformers are subiect in 
either normal or abnormal conditions of operation. These fre- 
quencies include the fundamental or generated frequency and its 
harmonics and the natural frequency of the system. 

The behavior of three-phase auto-transformers under the 
various conditions of operation given above is also analyzed. 


T for use on three-phase systems are in the major- 
ity of cases connected either delta-delta or delta-Y, these 
two being almost universally considered superior to the few 
other connections which may be used for three-phase trans- 
mission. Opinions differ, however, as to their relative merits, 
and the purpose of this discussion is to analyze some of the 
factors involved. 

Operation in Case of the Disabling of One Phase. In the delta- 
delta connection, operation can be continued by running open 
delta after removing the disabled phase, under which condition 
the bank can handle 58 per cent of its original capacity. When, 
however, there are two or more delta-delta banks operating in 
parallel, the advantage of open delta operation of one bank 
becomes less on account of the fact that a mutual relation ex- 
ists between the loads in the two banks. For example, if one 
phase of one bank is removed, instead of being able to operate 
the good bank at 100 per cent capacity and the open delta bank 
at 58 per cent capacity, making a total of 158 per cent (assum- 
ing all transformers alike and that 200 per cent was the original 
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total capacity of the two banks) it will only be possible to derive 
from the five transformers 133 per cent capacity.! When two 
delta-delta banks are operated in parallel with one open delta 
bank, a total capacity of 233 per cent instead of 258 per cent is 
obtainable. Thus it is evident that with increasing numbers 
of delta-delta banks connected in parallel, the advantage of 
being able to operate any one of them in open delta decreases. 
This, however, is not a serious objection, because, by placing 
the proper amount of reactance in series with the weakened 
phase, the cápacity can be considerably increased. 

Open delta operation of a three-phase core type transformer 
is, in the majority of practical cascs, not possible, on account 
of the interlinked magnetic structure. 

In delta-Y connections, the disabling of one phase renders 
the whole bank inoperative, except in the case when it is possible 
to change the voltaye of the line connected to the Y side of the 
transformers. For example, if a line transmits power from one 
bank of delta-Y transformers at one end to another bank of Y- 
delta transformers at the other end, operation can be continued 
in case of the disability of one phase by changing the Y connec- 
tion to open delta in both step-up and step-down transformers, 
thus reducing the transmission line voltage to 58 per cent of 
its original value. Under this condition the capacity of the 
transmission line and transformers is reduced to 58 per cent of 
the original valuc, which is equal to the capacity obtained in 
the case of operating one delta-delta transformer bank in open 
delta. When, however, two or more Y-delta banks are operated 
in parallel, the disability of one phase renders the whole of one 
bank inoperative. 

The Effect of Differences in Characteristics of the Transformers 
Making up a Transformer Bank. When transformers of slightly 
different ratios are connected in delta-delta, large circulating 
currents will result in the delta circuits, depending upon the 
amount of off ratio and the impedance of the transformers; 
and when transformers having different impedances are con- 
nected for delta-delta operation, the division of load between 
them will be very unequal. In general, a delta-delta connec- 
tion is very sensitive to variations in impedances and ratios. 
A Y-delta bank of transformers is far less sensitive to such 
variations, and in fact transformers having considerable differ- 
by W. W. Lewis, General]. Electric Review, January, 1912, page 47. 
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ences in ratio and impedances can be used to make up a Y- 
delta bank without appreciably affecting the current or voltage 
division of the phases. From this it is evident that, in cases 
where a thrce-phase bank is to be made up of dissimilar units 
of equal kilovolt-ampere capacity, more satisfactory operation 
can be obtained by connecting delta-Y than delta-delta. On 
the other hand, if the kilovolt-ampere capacities of the units 
are different, the delta-delta connection will probably result 
ina greater combined capacity than Y-delta, because in the delta - 
delta banks the currents will divide to a certain extent, at least in 
proportion to the kilovolt-ampcre capacity of the units, whereas 
in the Y-delta connection thecurrents in all three phases are equal. 


INSULATION STRESSES 


The potential stresses on the insulation. at fundamental 
frequency are worthy of consideration and become particularly 
important in high-voltage transformers. Under normal con- 
ditions of operation, that is, when the connected line is free from 
grounds, the maximum value of these stresses is equal to 58 per 
cent of line potential. In the delta connection the minimum 
value of the insulation stress is equal to 29 per cent and occurs 
at the middle point of the winding, whereas in the Y connection 
the stress is zero at the neutral end of the winding, and increases 
uniformly to its maximum value of 58 per cent at the line end 
These stresses are tabulated below for convenience in comparison, 
together with corresponding insulation safety factors, the latter 
being based on the assumption that the windings are insulated 
to withstand a test equal to twice normal voltage. 


TABLE I 
INSULATION STRESSES FROM HIGH-VOLTAGE WINDING TO GROUND, IN THREE-PHASE 


Stresses in per cent of line voltage Safety Factor 
maximum | minimum ' average maximum minimum average 
delta 07.7 28.8 13.2 7 3.406 4.04 
Y 57.7 0 28.8 infinity 3.46 7 


When one terminal of the transformer is grounded, these 
strésses are all matcrially increased. Their values at various 
portions of the winding are shown in Fig. 1. Here high-poten- 
tial stresses in the insulation from winding to core in per cent 
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of the normal line voltage for every portion of the high-voltage 
winding are plotted as ordinates. The curve shows that the 
stress in the insulation of delta winding is practically equal to 
line voltage at all points of the winding, the voltage at the 
middle point, however, being reduced to 87 per cent of this 
00 value. On the other hand, in 
the Y connection the stress 
in the winding is graded, being 
a minimum at the neutral and 
a maximum at the line end. 
Three cases are given: Curve 
a shows the condition when 
the neutral is not grounded; 
curve b shows the condition 
when the neutral is grounded, 
0.10 10 30 «0 % tà 10, 8 30 0 and when the line is capable 
eiGr-vorraGt wine [Tum out Of Maintaining normal voltage 
Fic. 1—ErrEcT OF GROUNDS ом notwithstanding the short cir- 
POTENTIAL STRESSES AT FUNDA- cuit produced by a ground on 
MENTAL FREQUENCY ON THREE- the line; and curve c shows 
PRASE CONNECTIONS the stresses in delta-Y trans- 
formers excited on the delta side and operating with a grounded 
neutral. А particularly large reduction of stress is obtained in 
the latter case, the maximum never exceeding 58 per cent of line 
potential. These stresses, together with their corresponding 
safety factors, are given in Table II. 


POTENTIAL STRESS IN INSULATION IN 
PER CENT OF LINE VOLTAGE 


TABLE II 


INSULATION STRESSES FROM HIGH-VOLTAGE WINDING TO GROUND, IN THREE-PHASE 
CoNNECTIONS, AT FUNDAMENTAL FREQUENCY, WITH ONE TERMINAL GROUNDED. 


Stresses in per cent of normal voltage Safety factor 

minimum | maximum average maximum | minimum average 
delta 86.6 100. 93.3 2.3 2 2.1 
Y (a) 57.7 100, 78.8 3.46 2 2.54 
Y (b) 0 100 50 infinity 2 4 
Y (c) 0 57.7 28.8 Е 3.46 7 


—— ———— - —Ə PF —-—. — — y — rr I ——————— 


Although the above stresses are relatively small and on that 
account probably never immediate causes of breakdown, never- 
theless it should be borne in mind that stresses of higher fre- 
quency are superimposed upon these. It therefore follows that 
with the transformer connection possessing the smallest average 
insulation stress at fundamental frequency, or conversely, that 
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connection which possesses the maximum insulation safety 
factor (when fundamental stresses only are considered), a greater 
margin is available for withstanding stresses at higher frequencies. 
These margins, which are obtaincd by subtracting the insulation 
stresses given in Tables I and II from the transformer test volt- 


age (200 per cent of normal voltage), are given in Tables III 
and IV. 
TABLE III 


| 
| maximum minimum 
| delta 171 per cent 142.3 per cent 


Y 200 142.3 
TABLE IV 


INSULATION MARGINS WITH ONE TERMINAL GROUNDED, IN PER CENT OF LINE VOLTAGE. 


maximum minimum 
delta 113 per cent 100 per cent 
Y (a) 142 100 
Y (b) 200 100 
Y (c) 200 142 


These tables, however, only roughly indicate that the Y con- 
nections, particularly in the case represented by curve c of Fig. 1, 
are capable of withstanding greater stresses at higher frequencies 
than the delta connection; it would be a true indication provided 
the insulation 1s only capable of withstanding twice the line volt- 
age. The table should therefore have been worked out in terms 
of the actual strength of the insulation instead of the test.volt- 
age for which it was designed. 

Line Grounds on Isolated Systems. In an isolated system, when 
a solid ground occurs on the line, the grounded wire is reduced 
tozero potential and the potentials of the other lines are raised 
to line potential above ground. If a ground occurs on the line, 
a considerable distance from the transformers, the charging 
current flowing through the reactance of the line will cause the 
potential of the grounded line at the transformer to be somewhat 
above zero, and since the induced voltage of the transformer will 
also be somewhat greater than its normal value on account of the 
reactance drop caused by the charging current (particularly 
when the transformer possesses high inherent reactance), the free 
line is raised to a fair percentage above its normal potential 
above ground. This effect is also somewhat larger than one 
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would ordinarily assume, on account of the fact that the electro- 
static capacitv of a transmission line having one of its lines 
solidly grounded is in the majority of cases considerably greater 
than when the lines are thoroughly insulated. However, none 
of these effects are very large, and in general the result of a dead 


Fic. 2 


ground on an isolated system is to bring the other two wires to a 
potential somewhat greater than normal above ground. The 
insulation safety factor has thereby been reduced to a value 
slightly less than two. It is evident that the values of insulation 
stresses and safety factors given in Tables I and II and the curves 
in Fig. 1, are not quite correct when transformers are connected 


| 
/ 


ОЕ РЕС ER. Ground 


Fic. 3 


to transmission lines of considerable electrostatic capacity. It 
is possible to operate an isolated system with one of its Jines 
solidly grounded without serious risk, and there have been cases 
of high-voltage, long-distance transmission lines operating in 
this manner for several hours with a solidly grounded or even a 
broken line. 


1914] BLUME: TRANSFORMER CONNECTIONS 759 


But when the ground occurring on the line is not a dead ground, 
an arc results bet ween line and ground which, on account of the 
fact that it is in series with the electrostatic capacity of the trans- 
mission line (see Fig. 2), generally results in an unstable arc or an 
arcing ground. 

If the arc, however, is stable, the potential of the arc and line 
is reduced to ground and may have its potential reversed if 
higher harmonics introduced by the arc happen to be in resonance 
with the natural period of the grounded system. This is shown 
diagrammatically in Fig. 3. 

Such conclusions are corroborated by the results obtained in 
the experiments made bv Dr. E. J. Berg, and reported in an 
Institute paper? in June, 1908, entitled Tests with Arcing Grounds 
and Connections. 

Grounds ona System Having Neutral Grounded. A ground on 
a system having a neutral grounded results in a short 


Ground 


Fic. 4 


circuit, and a dynamic current flows, the value of which dc- 
pends upon the combined impedance of the circuit through 
ground and impedance of the transmission line апа 
connected apparatus through which the short circuit flows. 
(See Fig. 4). This results in an impedance drop throughout the 
circuit and a consequent lowering of the voltage. "The resultant 
arc is in series with the reactance of the transmission line, and 
since reactance tends to stabilize an arc, the likelihood of an 
arcing ground resulting is therefore much more remote than in 
the case of the isolated system. 

In general, with the grounded Y system, resonance on account 
of the electrostatic capacity of the line is not likely, since the line 
capacity is not in series with line grounds. There is one particu- 
lar case, however, when resonance may be produced. For ex- 
ample, in a delta-Y system with grounded neutral, suppose 


2. TRANSACTIONS À. I. E. E.. 1908, XXVII, Part I, page 741. 
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one phase on the delta side is burned open, resulting in open delta 
excitation. The high-voltage side of the burned-out phase then 
constitutes a reactance in series with electrostatic capacity of the 
transmission line and excited by the voltages from the other two 
phases. If the charging current of the transmission line is equal 
to the magnctizing current of the transformer, resonance is es- 
tablished at fundamental frequency. However, the increase in 
voltage is limited by the saturation of the transformer; for ex- 
ample, assuming that the normal flux density of the transformer 
is 80,000 lines per sq. in. (6.452 sq. cm.), it follows that more than 
a 50 per cent increase in voltage can hardly be expected. The 
resulting stresses on the insulation are therefore less than those 
reached in isolated systems when grounds occur on the line. 

If the voltage impressed on the low-voltage side containsa 


Generating End Receiving End 


, 


NN 


FiG. 5 


prominent fifth harmonic, there 15 a probability of establishing 
resonance at five times normal frequency, and dangerous volt- 
ages built up thereby. However, the likelihood of obtaining 
resonant conditions at five times normal frequency is not very 
great, and moreover the fifth harmonic in impressed voltage is 
generally small. Also the importance of this consideration 1s 
small on account of the fact that it can only take place when 
one delta bank is connected to the transmission line and when one 
phase of the low-voltage delta becomes open-circuited. 

The effect upon the distribution of the voltage, of a line ground 
on a grounded Y system, is shown diagrammatically in Fig. 5. 
The portion consumed by line resistance and reactance brings 
the potential of P to some point X' and the potential OX' is 
consumed in overcoming thc resistance of the current path from 
the line ground P to neutral O. 
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The worst short circuit occurs when a dead ground happens 
on the line near transformer A, which causes a collapse of the 
short-circuited phase throughout the system, and a short-cir- 
cuit current only limited by transformer;reactance. 

. Resistance in Neutral. To reduce the value of this short-circuit 
current, resistances are often inserted between the neutral point 
and ground. 

A resistance inserted in the neutral causes the neutral o to 
shift with respect to ground when a ground occurs on the line, or 
relatively speaking, the ground will shift along the line ОХ. 
If resistances of ground is small compared to resistance at neutral 
the ground potential in Fig. 5 is X’. A dead'ground on the line 
near the transformers causes the neutral to shift a value equal to 


rE 
r+ x ' 
reactance of transformer. It is evident that an increase in 
potential stress on the remaining phases results. 

Assume a transformer with six per cent reactance, and resis- 
tance of neutral which will limit the current resulting from a dead 
ground to three times normal (that is, the resistances and rcact- 
ances together are equivalent to an impedance of 33 per cent). 
Thereactanceof neutral must, therefore, be V (33)? — (6)? = 32.5 
per cent, and the neutral shift will be equal to 3 X 32.5 = 97 
per cent. Evidently any resistance inserted in the neutral, if itis to 
limit currents to values appreciably less than those obtained when 
the neutral 1s dead grounded, must be capable of withstanding 
practically normal phase potential. More-over, the purpose of 
grounding the neutral is destroyed, for a neutral shift of 75 per 
cent or more of the phase voltage means that the free lines have 
been raised to practically full line potential above ground. 

A neutral will thercfore remain stable only when the IR drop 
produced across the neutral resistance by the short-circuit current 
is small compared with the line voltage. Practically all the volt- 
age must be consumed by the resistance of the ground and resist- 
ance of neutral in series. From this we can conclude that a 
neutral with resistance will hold the neutral fairly steady and pre- 
vent undue rises in potential, provided the line grounds do not 
occur with resistance (including line resistance to point of ground) 
less than ten times the resistance in the neutral. 

The ratings of the resistance inserted in the neutral for various 
limiting values of short-circuit current are given in Table V. 
These аге worked out on the basis of transformer reactance : 


where r equals resistance of neutral and x equals 
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equal to six per cent, resistance one per cent, and on the assump- 
tion that the short-circuit current is limited only by the resistance 
in the neutral and the impedance of the transformers. 


TABLE V 
Short-circuit current Volts across neutral in per | Rating of kv-a. resistance in 
cent of transformer normal | per cent of normal kv-a. of 
voltage one phase 
16.4 times normal 0 0 
12 s 6 57 644 x 
10 s ш 70 700 
i 5 4 s 90 450 
3 ы 5 94 280 | 
2 я т 98 196 i 
1 € А 100 100 | 
0.5 “ ы 100 50 


The size of the ressstance will also depend upon the length of time 
short circuit is maintained. For example, if the system is pro- 
tected by relays which disconnect the apparatus in two minutes, 
the resistance must be designed to dissipate the power given in 
the table for this period of time. 

Grounding the Neutral at Receiving End. In the preceding dis- 
cussion the neutral at the gencrating station was in every case 
considered grounded. However, when the neutral of the step- 
down transformers at the far end of the transmission line is 
grounded, and the neutral at the gencrating station isolated, a 
different condition exists. In this case, when one line near the 
step-down transformers becomes grounded, one phase is short- 
circuited thereby, and current flows as indicated by the arrows 
in Fig. 6. If the step-down transformers are small compared 
with the kilovolt-ampere capacity of the system to which they 
are connected, the line voltage is not appreciably affected by 
this short circuit, although the grounded line assumes ground 
potential. Line potential is therefore impressed across two 
phases, as indicated in a of Fig. 6, and the ungrounded lines 
assume a potential of practically line voltage above ground. 
The currents flowing are single-phase and produce in each phase 
a reactance drop equal to ab, that 1s, phase voltage. 

If, on the other hand, the step-down transformers have a 
kilovolt-ampere rating comparable with the rating of the trans- 
formers at the generating station, the resulting short-circuit 
currents are severe enough to reduce the line potential at the 
step-down transformers very materially. On that account 
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they are not as liable to an increase in induced potentials and 
potential stresses from winding to ground. 

Complete protection, however, is not given in this case to the 
step-up transformers, for if a ground occurs near the generating 
station, the short-circuit currents must flow through the ground 
between the generating station and receiving end, in which case 
the voltage drop on the ground and in lines may be sufficient to 
limit the short-circuit currents, and therefore decrease the react- 
ance drop within the transformers. Under this condition, the 
terminals of the step-up transformers will assume a potential 
above ground equal to Jine voltage. 

Auto-Transformers. Wherever it is desired to interconnect 
two high-voltage systems of not very great voltage difference, 


1 


< — 


Generating End 


Fic. 6 


as, for example, 100,000 volts and 60,000 volts, the use of Y- 
connected auto-transformers is cheaper than transformers, be- 
cause a large saving is effected due to the fact that the rating 15 
only a fraction of the power which the auto-transformer can 
transmit from one svstem to the other. Since reduction in rat- 
ing is only material when the connection is Y, a delta-connected 
auto-transformer is seldom used. But when the transformation 
ratio is threc or more, the saving 1n the use of auto-transformers 
instead of transformers is too small to outweigh the disadvant- 
ages which thcir use entails. 

As auto-transformers are cheaper from the standpoint of 
first cost, it 1s of interest to investigate potential stresses at 
normal or fundamental frequency resulting. from abnormal 
conditions, as line grounds, etc., in order to determine their 
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relhabilitv and therefore their eventual cost. "These insulation 
stresses depend upon whether the svstem is isolated or grounded 
Y, and whether the neutral of the auto-transformer is grounded. 
There are four cases: 


CasE I. SYSTEM IsoLATED, AvTO-TRANSFORMER NEUTRAL 
UNGROUNDED (SEE Fic. 7) 

(a) A triple-ffequency e.m.f. exists from line to neutral, 
increasing the induced potential stress from 20 to 50 per cent, 
depending upon the flux density in the iron. The insulation 
stress from winding to core is increased at the neutral, but not 
at the line ends of the winding. The presence of the triple- 
frequency voltage, therefore, is not serious, for although the 
average potential stress on the insulation is increased, the 
maximum stress is not affected. 


low-voltage 


high - voltage 
A н 


1 
1 


Біб. 7--5үзтем ISOLATED, AUTO-TRANSFORMER NEUTRAL UNGROUNDED 


(b) A ground at X (Fig. 7) places the low-voltage lines B 
and C at a potential above ground approximately equal to 0.58 
high-voltage + 0.42 low-voltage. 

Thus, if the auto-transformer steps up from 60,000 volts 
to 100,000 volts, a solid ground existing on the high-voltage 
line raises the potential of the low-voltage line to 81,000 volts 
above ground. 


Case II. SYSTEM ISOLATED, AUTO-TRANSFORMER NEUTRAL 
GROUNDED (Pic. 8) 

(a) The triple-frequency e.m.f. which is present as in Case 
I, is now exerted across the line insulation to ground. This 1s 
particularly dangerous if the auto-transformer is connected to 
systems having considerable electrostatic capacity. Electro- 
static capacity between lines and ground causes а charging 
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current in which the third harmonic is promincnt, which reacts 
on the triple-frequency e.m.f., intensifying it. Potential peaks 
equal to three times normal can easily be obtained in this way 
at ordinary densities, although at very low densities and at 
saturation densities, the danger is less. The charging current 
necessary to produce these voltages is not large. 


Fic. 8—SvsTEM IsoLATED, AUTO-TRANSFORMER NEUTRAL GROUNDED. 


(b) A ground at A causes NA to collapse, NA and X are 
reduced to ground potential and the remaining phases receive 
open delta excitation at 1.73 normal flux density. This is 
shown by the dotted lines in Fig. 3. B and C are placed at 
low-voltage potential above ground. 

(c) A ground at X produces the same result as a ground at А. 


X 


Fic. 9—SysTEM GROUNDED, ÀAUTO- TRANSFORMER NEUTRAL UNGROUNDED 


Case III. SYSTEM NEUTRAL GROUNDED, AUTO-TRANSFORMER 
NEUTRAL ISOLATED (SEE Fics. 9 AND 10) 
(a) Triple-frequency voltage present as in Case I. Since 
the neutral is isolated, there is no danger of the triple-frequency 
voltage being intensified. 
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(b) A ground at A short-circuits one phase of the low-volt- 
age svstem. 

(c) A ground at X results in distortion of and increase in 
induced voltage in the auto-transformers, as shown in Fig. 5. 
The low-voltage system does not receive an abnormal voltage 
or abnormal insulation stress. 


N 


Fic. 10—SvsTEM GROUNDED, 'AUTO- TRANSFORMER UNGROUNDED, SHOW- 
ING EFFECT OF DEAD GROUND OCCURRING ON LINE 


CasE IV. SYSTEM NEUTRAL GROUNDED, AUTO-TRANSFORMER 
NEUTRAL GROUNDED (SEE Fic. 11) 

(a) Triple-frequency e.m.f. is much reduced because triple- 

frequency currents can flow through ground connections. The 


Fic. 11—SystEM GROUNDED, AUTO-TRANSFORMER NEUTRAL GROUNDED. 


reduction in triple-frequency e.m.f. depends somewhat upon 
the resistance of the ground circuit. 

(b) А ground at A short-circuits one phase of the low- 
voltage circuit. 
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(c) A ground at X short-circuits one phase of the auto- 
transformer and one phase of the low-voltage circuit through 
the auto-transformer reactance. The potential of B and C 
cannot rise above normal values. 


In the above cases, single-phase auto-transformers were 
assumed, although the same results are obtained in three-phase 
shell type units. In the three-phase core type transformers, 
the triple-frequency e.m.f. is reduced to negligible proportions 
on account of the interlinked magnetic circuit. Moreover, 
in the case of a grounded neutral, when a ground occurs on the 
line, the interlinked magnetic circuit resists the collapse of one 
phase, by causing heavy currents to flow in all three phases. 
The value of this current depends upon the resistance of the 
ground, a dead ground in the majority of cases causing currents 
comparable to short-circuit currents. 

If the neutral of the system is grounded through a resistance 
to limit short-circuit currents, excessive currents are prevented 
when a ground occurs on the line. However, in that case the 
neutral will remain stable only for high-resistance line grounds. 
If a dead ground occurs on the line, full phase voltage is impressed 
across the neutral resistance and potential stresses will exist 
similar to those occurring in isolated delta systems. In general, 
it may be said that the grounded neutral, with a resistance to 
limit the current flow, acts like a solidly grounded system as 
long as grounds of high resistance only occur on the line. When 
a dead ground occurs, the resulting potential stresses will be 
practically the same as if the system were operating ungrounded. 

It should be borne in mind that the conditions in the majority 
of practical cases considerably depart from those cited here. 
For example, in the case shown by Fig. 7, the normal flux density 
may be so high that the magnetizing current required for 73 
per cent increase in voltage will be so great as to cause a line 
reactance drop sufficient to reduce considerably the voltages 
applied to the transformers. However, the diagram applies rigidly 
to all cases where the normal flux density is made low enough 
so that, when a ground occurs, the cores will not be super- 
saturated. Similarly, the conditions shown by Fig. 5 will not 
occur in practise on account of the excessive magnetizing cur- 
rents resulting. 

It is evident from the analysis of the four cases given above, 
that high-voltage auto-transformers should not be used without 
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solidly grounding the neutrals. Grounding the neutral neces- 
sitates the elimination of the triple-frequency c.m.f., which may 
be done either by using the three-phase core type structure or by 
having a Y-delta transformer with ground neutral connected 
to the same system. The latter method, is, however, question- 
able because the safety of the auto-transformer then depends 
upon proper operation of an- 
other piece of apparatus. 

If such precautions аге 
taken, auto-transformers 
should operate successfully, 
although they still possess the 
objection that the high-volt- 
age and low-voltage systems 
are rigidly connected together. ` 
by means of an electrical con- 
ductor, whereas a transformer 
connects the systems in a 
more flexible manner, i.e., 
magnetically. Due to this, a 
disturbance occurring on one 
line is likely to be felt on the 
other, when auto-transformcrs 
are used. With tie-in trans- 
formers, operating on isolated 
systems, it is possible for 
grounds to occur on line with- 
out disturbing the operation Fics. 12, 13, 14—CuRRENT, FLUX 
or increasing the stresses on AND VOLTAGE RELATIONS IN Y- 
the other lines. CONNECTED AUTO-TRANSFORMERS 


THE THIRD HARMONIC IN THE Y CONNECTION 


Due to the fact that the permcability of iron decreases as the 
flux density increases, the wave shape of magnetizing current in 
a transformer is different from the wave shape of the electro- 
motive force. When the impressed electromotive force is a 
sine wave, the magnetizing current shows a peak, which, when 
analvzed, resolves itself into a prominent third harmonic and 
higher harmonics of lesser values. 

In the Y connection, third harmonic currents and currents 
having frequencies multiples of the third cannot flow on account 
of the fact that these currents in the three phases would be in 
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phasc with each other, and to permit them to flow, a circuit must 
be provided at the neutral. 

Owing to the fact that the triple harmonic current necessarv 
for sinusoidal excitation cannot flow in Y-connected transformers 
thc resulting flux wave takes a flattened form, which, when ana- 
lyzed, resolves itself into the fundamental and a triple harmonic. 
The flux wave under this condition is shown in Fig. 13, and 
the corresponding voltages in- 
duced from line to neutral 
are given in Fig. 14. For 
average operating densities in 
transformers, the triple har- 
monic voltage is approxi- 
mately 60 per cent of funda- 
mental voltage. 

When the neutral of the 
auto-transformer is grounded, 
the triple harmonic together 
with the fundamental is im- 
pressed between line and 
ground across the capacity of 
the connected transmission 
line. А  triple-frequency 
charging current flows into 
the line and through the 
auto-transformer windings. 
The phase angle of this cur- 
: | rent with reference to the 
cds л fundamental magnetizing cur- 

HARMONIC INTENSIFICATION IN Y ; 

AUTO-TRANSFORMERS rent is shown in Fig. 12. This 

triple-frequency current con- 
stitutes an additional magnetizing current in the auto- 
transformer, and a comparison with Fig. 13 shows that it is in 
phase with the triple-frequency flux which was produced by the 
original sine wave magnetizing current. Therefore the triple- 
frequency current acts to increase the triple-frequency flux and a 
corresponding intensification of triple voltage ensues. The 
increased triple harmonic voltage results in a greater triple cur- 
rent, which causes a further increase in flux. This intensifica- 
tion is only limited by the saturation of the transformer. Figs. 
15 and 16 show flux and voltage waves in which the third har- 
monic has reached its maximum value. It is evident that under 
such conditions of operation the core loss of the transformers will 
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be about three times normal and the insulation stress about four 
times normal. 
CONCLUSIONS 

The following are the more important conclusions which may 
be drawn from this paper: 

First: Isolated systems are subject to greater insulation 
stresses than grounded svstems. 

Second: In grounded svstems, the average insulation factor 
of safety is greater than in isolated systems under similar condi- 
tions of operation. 

Third: In isolated systems, the stresses at lower frequencies 
under certain conditions, may reach values sufficiently high to 
injure or destroy the transformer and other apparatus connected 
to the system. 

Fourth: In an isolated system, a ground on the line is more 
likely to result in an arcing ground or intermittent arcs than ina 
grounded system. 

Fifth: A ground on the line in a solidly grounded system, 
reduces the potential of the svstem with respect to ground, 
whereas in the isolated system, a ground on the line increases the 
potential of the svstem with respect to ground. 

Sixth: А resistance inserted. between neutral and ground to 
limit the value of short-circuit current increases thereby the in- 
sulation stresses resulting from line grounds. 

Seventh: If it is desired to limit the value of potential at 
fundamental frequency above ground of any part of the system to 
57 per cent of line potential, it is necessary to solidly ground the 
neutrals at both receiving and generating ends of transmission lnc. 

Eighth: If receiving transformers of relatively small kilovolt- 
ampere Capacity are connected with grounded neutral to an other- 
wise isolated svstem, they are liable to severe short circuits, 
and the grounded neutral only partially protects the system 
from potential rises. 

Ninth: In Y-connected auto-transformers, it is dangerous to 
operate with isolated neutral except when the ratio of trans- 
formation is very small. 

Tenth: In Y-connected auto-transformers, it 1s dangerous to 
operate with isolated neutral except when the entire system 
is isolated. 

Eleventh: In Y-connected auto-transformers, it is dangerous 
to operate with grounded neutral unless the triple harmonic volt- 
age between line and neutral is climinated or kept negligibly small. 


To be presented at the 206th Meeting of the Ameri- 
can Institute of Electrical Engineers, Pittsfield, 
Mass., May 29, 1914. 
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A STUDY OF SOME THREE-PHASE SYSTEMS 


BY CHARLES FORTESCUE 


ABSTRACT OF PAPER 


The star-star, delta-delta, delta-star and star-delta connec- 
tions are taken up in order and their individual peculiarities and 
characteristics, precautions that must be taken in operation to 
avoid trouble and where and when the system may be grounded 
with best results, are discussed. 

The question of delta-delta vs. delta-star is considered: 

(1) For moderate voltages the delta-delta system has the ad- 
vantage on account of its greater flexibility. 

(2) For high voltages the delta-star connection ‘is preferable, 
chiefly on account of its greater strength and lower cost. There 
is a probability that a delta-star bank of transformers will cause 
less disturbance in switching than one that is delta-delta con- 
nected. 


' (3) There are much greater possibilities of development in 
transformers designed for delta-star connection than for any other. 

(4) Past and present practise upholds the use of the delta-star 
connection in preference to the delta-delta for high-voltage trans- 
mission. 

T IS proposed in this paper to study several common methods 

of connecting transformers for use on polyphase systems with 

the view of displaying the advantages and disadvantayes of cach, 

showing under what conditions they may be used to the best 
advantage. 


STAR-STAR CONNECTIONS 


It is well known that on account of the shape of the hysteresis 
loop of transformer iron, the m.m.f. required to produce a sine 
wave of induction in a magnetic circuit of uniform cross-section 
made of iron will not be of simple sine wave form, but will in- 
clude a third harmonic wave; and vice versa, if the third harmonic 
be absent from the m.m.f. it will appear in the wave form of the 
induction. In the primary of a star connected group of trans- 
. formers the sum of the three currents flowing towards the neutral 
point must be zero, consequently, the third harmonics of the 
magnetizing currents in each phase, being of the same phase, are 
suppressed and a third harmonic appears in the e.m.f. between the 
neutral and the supply mains. 

The presence of the third harmonic in the c.m.f. between the 

771 
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neutral and mains of the primary circuit does not materially af- 
fect the e.m.f. between lines in the secondarv circuit, but a load 
cannot be taken off between the neutral point and lines because 
this e.m.f. is unstable, that 1s to say, the neutral point wil 
shift. The reason for this is evident and nceds no explanation. 
If the neutral point of the secondary circuit be grounded the 
secondary linc terminals will have a third harmonic pulsation 
to ground which may cause serious disturbances in neighboring 
telephone circuits. 

In single-phase transformers and three-phase  shell-tvpe 
transformers this third harmonic component of the wave form 
may be entirely climinated by using an interconnected star pri- 
mary or secondary winding; and if care be taken to properly 
interlace the windings, the neutral point will be stable and a 
load may be taken off the secondary circuit between the neutral 
and lines. 

If the neutral point of the primary winding be connccted to the 
neutral point of the gencrator the secondary neutral point will 
be stable, and loads may be supplied between the ncutral point 
and the lines; but, since the generator itself may have a third- 
harmonic component in the e.m.f. between neutral and terminals 
it is not advisable to ground the neutral point of the secondary 
winding. If, however, the secondary winding be in intercon- 
nected star, the neutral point may be grounded without causing 
trouble. | 

The rcason why the interconnected star primary eliminatcs 
the third harmonic component is that there is an interchange 
of third harmonic. m.m.f. due to the primary and secondary 
interactions of the interconnected windinys. 

In three-phase transformers of the form of construction 
known as core-tvpe, that is to sav, transformers with interlinked 
magnetic circuits, this same interchange of m.m.f. takes place 
between the phases, so that, each phase has part of the required 
m.m.f. supplied from the other two phases during a portion of the 
cvcle. The sum of the three magnetic fluxes must be zero and 
therefore, the sum of the three induced e.m.fs. must also be zero 
and thus the neutral point 1s the centroid of the primary voltage 
triangle. In such transformers duc to the above mentioned 
Interchange of third-harmonic m.m.f. there exists a third-har- 
monic leakage ficld in the air external to the coils. The neutral 
point will be symmetrical, even with wide differences in the 
permeability of the cores, the required m.m.fs. for the three cores 
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being supplied on the proper relation bv the three primary 
windings. The marnetizing currents in three-phase transformers 
of this type which are unsymmetrical have third-harmonic 
components, which are in three-phase relation and produce 
unlike waves in the three phases. 

If a load be taken off the secondary of a three-phase transformer |. 
of the type under discussion, a leakage field is set up in the coil 
spaces between the loaded phase and the other two which is 
usually large. The regulation of such transformcrs for loads 
between the neutral and lines 15 not usually good. The condition 
is similar to the effect of loading one side of a single-phas¢ core- 
type transformer connected for three-phase distribution which 
had not been designed with cross-connected secondary windings. 
Interconnection of the primary or secondary windings is one 
remedy for this trouble. 

If a three-phase transformer or group of single-phase trans- 
formers be intended to operate with the neutral of the primary 
connected to the neutral of the generator, the primary winding 
should not be interconnected, because thereby the impedance 
to the flow of the third-harmonic current set up by the third- 
harmonic component in the generator e.m.f. wave between 
neutral and terminals is rendered very small and these currents 
may be large enough to cause undue heating. 

In the straight star-connection with single-phase transformers, 
the voltage stress per turn on the windings is quite high on ac- 
count of the excessive peaking of the e.m.f. between neutral ard 
lines. The core loss of the transformers is usually lower than 
for a sine wave c.m.f. even though the effective value of the neu- 
tral to line e.m.f. is more than 57 per cent of the c.m.f. between 
lines. Formerly it was considered a grave disadvantage of this con- 
nection that a short circuited unit would cause 73 per cent increase 
in stress on the other two. It is not probable now that such a 
condition could exist without tripping the breakers, since this 
increase in voltage with the steel now used in transformers would 
result in a magnetizing current having an effective value sevcral 
times the full load value of current. 

The advantage of the star-star connection of single-phase 
transformers is in its simplicity and low cost. It is not suitable 
for four-wire three-phase distribution, nor should it be operated 
with the neutral grounded. The transformers are subjected to 
an undue stress between layers and between coils on account of 
the distorted e.m.f. between neutral and lines. 
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If the ncutral of the primary be connected to the neutral of a 
gencrator which has no third-harmonic componcnt the connec- 
tion may be used for four-wire three-phase transmission with or 
without the neutral point grounded. 

If, on account of the desirability of grounding the neutral 
point it is found necessary to interconnect the windings, the 
advantage of simplicity and low cost is lost, to a great extent. 

Three-phase transformers star-star connected may be uscd 
with or without the neutral grounded, for three-phase three-wire 
transmission. Light loads may also be taken off between neutral 
and line. Interconnecting the low-tension winding does not 
involve much trouble, but it is simpler to connect this winding 
delta, which produces the same result in a simpler manner. 

Star-star connected three-phase transformers have the same 
advantage as single-phase transformers connected in the same 
manner, and the stress to which the insulation is subjected may 
be reduced to a smaller value for agiven voltage between terminals 
than with any other connection; this advantage, however, is of 
little consequence when the line e.m.f. is low. They have the 
additional advantage that the e.m.fs. between neutral and lines 
do not have a third harmonic. 


DrELTA-DELTA CONNECTION 


This connection is the most widely used of all three-phase 
connections, and is recommended for moderately high voltages 
on account of its extreme flexibility. 

The third harmonic and its multiples are eliminated in the 
terminal e.m.fs. of a symmetrical star-connected generator, and 
if the three delta connected transformers are alike in design 
and magnetic characteristics they will be absent in the secondary 
e.m.fs. — Differences іп characteristics of the transformers are 
corrected in this connection by interchange of m.m.f. through 
the secondary windings. A marked dissymmcetry in the bank of 
transformers may cause a third-harmonic component in three- 
phase relation to appear in the secondary e.m.f.s between lines; 
but the usual third-harmonic distortion characteristic of the 
secondary c.m.f. of single-phase transformers is not present in the 
e.m.f. between phases, due to the fact that the delta-delta con- 
nection affords a low impedance path to the flow of current set 
up by such a component, thereby automatically climinating it. 
In three-phase transformers of the form known as core-type, the 
interlinking magnetic circuits of the three phases somewhat 
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modify the interactions between the three phases but the dif- 
ferences in action from single-phase transformers connected in 
delta are trifling. 

The chief advantage of the delta-connected group of single- 
phase transformers lics in its flexibility. If one of the trans- 
formers in a group fails the other two are able to supply power 
at a diminished rating, the only change being the cutting out of 
the defective transformer, which may be done -without intcr- 
ference with the operation of the other two. 

The stresses to which the insulation is subjected are higher 
than in the star connection, and there is no means of grounding 
the neutral except through the intermediary of an interconnected 
star group of single-phase auto-transformers or a three-phase 
auto-transformer, or some such device, provided with a star 
connection. 


STAR-DELTA AND DELTA-STAR CONNECTION 


These methods of connecting transformers have been the sub- 
ject of a good deal of controversy, and have suffered through 
misapplication. It was pointed out that in the star-star connec- 
tion it was necessary to interconnect the primary winding to 
eliminate the distorting third harmonic and to obtain a stable 
neutral point; this is effected in the delta-star connection at a 
minimum cost, and with a maximum degree of stability of the neu- 
tral point. Itisinreality a more direct transformation than the 
delta-delta connection; since there can be no interchange of 
m.in.f. between phases, the secondary neutral to line e.m.f. is the 
same as that obtained with single-phase transformation and may 
contain a trace of third harmonic as in single-phase transformer 
duc to the reactive drop of the exciting current. 

The three-phase corc-type transformer with delta-star con- 
nection has a stable neutral point and also on account of the 
interlinked magnetic circuits the secondary neutral to line e.m.f. is 
absolutely free from third harmonic. The three-phase shell-ty pe 
does not differ materially from three single-phase transformers. 

The star-delta connection has some very interesting peculiari- 
ties, lack of understanding of which has led toits improper use, 
resulting in troubles which have been considered as the fault 
of the connection, rather than of the individuals who misapplied 
it. In this connection the sum of the secondary induced e.m.fs. 
must be zero on account of the delta-connected secondary, 
consequently the neutral point of the primary star connection 
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must be the centroid o° the pr marv e.m.f. triangle except for the 
slight distortions caused bv the drop due to the exciting currents 
in the windings. It has already been pointed out that a third- 
harmonic component is required in the m.m.f. wave to produce 
a sinc wave of induction. If, therefore, the primary is star 
connected from what source is this third harmonic m.m f. sup- 
plied? The answer is that it is supplied to each phase as required 
by the other two through the secondary delta-connected winding, 
so that there exists a circulating third-harmonic magnetizing 
current in the delta of transformers connected in this manner, 
which is equal in magnitude and time phase to the equivalent 
component in the normal single-phase secondary exciting current 
of the transformers. The effect of differences in the magnetic 
characteristics of transformers so connected is to cause slight 
dissymetry in the secondary e.m.f. waves between lines, which 15 
due to third-harmonic components in three-phase relation which 
appear in these e.m.fs. 

If the neutral of a star-delta connected bank of transformers 
be connected to that of the generator supplying the transformer 
the result will be a short-circuit so far as the third-harmonic com- 
ponent of the gencrator between neutralandterminalsisconcerned, 
the flow of third harmonic current being limited only by the im- 
pedance of the transformers, and very serious heating may result 
both to the generator and to the transformer. Since the neutral 
of the transformer is stable there is no necessity for connecting it to 
that of the generator and if it is desired to ground the primary 
system this may be done most advantageously by grounding 
the neutral point of the bank of transformers. 

The delta-star connected three-phase transformer, or bank of 
transformers, is suitable for three-phase transmission and dis- 
tribution with both three and four wires. A load taken off be- 
tween neutral and line will cause the neutral to shift only an 
amount equal to the impedance drop of the transformer supplying 
the loaded phase. In four-wire three-phase systems, where the 
c.m.f. is stepped up through delta-star transformers, and three- 
phase power is supplied through star-delta step-down transformers 
the latter, if their neutral be connected to the neutral, serve as 
balancers for loads taken off between neutral wires and lines. 
Fig. 1 will suffice to explain this action of the star-delta connected 
bank transformers. А small bank of star-delta connected 
transformers in the neighborhood of a heavy unbalanced load 
taken off between neutral and lines at the end of a long feeder, 
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is, on account of this characteristic, hable to be overloaded if its 
neutral be connected to the neutral wirc. 

An interesting peculiarity of these connections is that when 
the wave form of applied e.m.f. 1s not a sine wave, a peaking 
harmonic in the e.m.f. across the lines will produce a flatting 
harmonic in the e.m.f. between neutral and lines, and vice 
versa, although the effective values will be in the ratio of 1 to 
4/3, as for a sine wave; as a consequence the core loss of a three- 
phase star-delta connected transformer may have different 
values when measured on the star side and delta side, when the 
form factor of the impressed wave differs from that of a sine 
wave. 

The star-delta and delta-star connection has all the advan- 
tages of the star-star connections without their grave disadvan- 
tages; as pointed out before, when the e.m.f. is low there is no 


Fic. 1—ILLUSTRATING THE REGULATING EFFECT OF A STAR-DELTA 
CONNECTED GROUP OF TRANSFORMERS ON A THREE-PHASE 
Four-WIRE SYSTEM. 


inherent advantage in the star connection, actually there may 
be decided disadvantages. There is no advantage in supply- 
ing a single-phase load from the neutral point of a generator, 
on the contrary the single-phase output of a three-phase generator 
is greatest when the power is supplied from two terminals. 
The delta-star connection permits of this and therefore in- 
creases the unbalanced capacity of the whole system. Con- 
sequently, even should it be possible to entirely eliminate the 
third harmonic from the e.m.f. wave between the neutral and 
terminals of a generator, the star-star connection is hopclessly 
out of the running when it has to compete with the delta-star 
connection. In three-phase transformers the delta-star con- 
nection is the most economical way of obtaining good regula- 
tion between neutral wire and lines in a three-phase four-wire 
System. 
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DISCUSSION or DELTA-DELTA AND DELTA-STAR SYSTEMS 


Im the following part of this paper the discussion will be con- 
fined to the last two svstems of three-phase connections; the 
proper field for each will be pointed out and the reason given 
for the selection. 

For three-phase transmission at moderate voltages, say up 
to 33,000 volts, the advantage lies with the delta-delta con- 
nection for single-phase transformers, on account of its greater 
flexibility and because the failure of one unit in a bank inter- 
rupts service for only the short length of time required to cut 
out the defective unit, operation being continued with the trans- 
formers connected in V at a reduced rating. 

For three-phase four-wire distribution the delta-star and 
star-delta connected transformers are most suitable. It may 
not be out of place here to sound a note of warning in connec- 
tion with supplying single-phase service from three-phase 
sources grounded or ungrounded. In a single-phase trans- 
former connected to a three-phase system, the secondary wind- 
ing has a potential determined by the mean-potential of its 
primary winding and the relative capacity between primary 
and secondary and between secondary and ground. An un- 
grounded secondary winding which is disconnected from its 
wiring may have quite a high potential due to this effect. A 
preferable way of supplying house lighting from a three-phase 
line would be by means of a three-phase step-down transformer 
or bank of single-phase transformers having secondaries con- 
nected in star-delta or interlinked six-phase, then if the supply 
circuit were grounded at the neutral point, the secondary cir- 
cuit could be operated with safety ungrounded. The practise 
of running single-phase feeders from a three-phase supply to 
outlying districts for the purpose of supplving lighting service 
is bad in so far as when the secondaries are grounded it is liable 
to interfere with telephone service. 

Turning our attention now to three-phase transmission at 
voltages above 44,000 volts, the problem of insulating begins 
to assume importance. Figs. 2 and 3 are potential diagrams 
of delta-delta step-up and step-down transformers and delta- 
star step-up and star-delta step-down transformers. The 
point O, the centroid of the potential triangle, is at zero poten- 
tial; the potential of any portion of the winding of any phase 
is given by the distance of the equivalent point on the potential 
diagram from the centroid. The e.m.fs. and instantaneous 


1914] FORTESCUE: THREE-PHASE SYSTEMS 779 


potentials are given by the projection of the points A B C, 
а b c on a given line passing through O, the triangle А В C, it 
being considered as rotating about O so as to make one complete 
revolution per cycle. Comparing these two potential diagrams, 
it will be apparent that the high-tension winding of the delta- 
star transformer is subject to lower average stress than that 
of the delta-delta, varying in the first. connection from 0 to 
57.7 per cent of the line e.m.f. and in the second connection 
from 28.8 per cent to 57.7 per cent of the line e.m.f. 

The tendency of any connection to give trouble during 
switching wil probablv depend largely on the amount of po- 
tential energy stored in the system under normal operating 
conditions. The high-tension windings of the transformers 


^ 
a b 
8 
Fic. 2—PorENTIAL DIAGRAM OF Fic. 3—PoTENTIAL DIAGRAM OF 
DELTA-DELTA CONNECTED DErTA-Y ов Y-DELTA CON- 
BANK OF TRANSFORMERS, NOR- NECTED BANK OF TRANSFORM- 
MAL OPERATION. ERS, NORMAL (OPERATION. 


in both connections will have about the same capacity to ground, 
the tendency being for higher values in the transformers for 
the delta-delta connection. If v be the effective value of the 
e.m.f. between lines, the maximum amount of energy stored 
in the dielectric will be in the case of the delta-dclta connection ` 


2 
for each transformer a, and in the case of the delta-star 


connection it will be for each transformer, the value C 


9 
being the total capacity of the high-tension winding of cach 
transformer to ground. 

It follows in consequence that there will probably be fewer - 
disturbances caused in a transmission system when a star- 
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delta bank is switched on and off the circuit than when a delta- 
delta bank of the same capacity is switched on and off; and 
therefore the insulation stresses due to switchinz in the star- 
delta connection will be correspondingly smaller than in the 
delta-delta connection. 

The same relations hold true for any conditions that mav 
arise in operation which causes the breakers to open, such as a 
ground on the line, short circuits between phases, etc. In 
every case the energy stored in the dielectric is less for the star- 
delta connected group than for the dclta-delta connected group. 

The dangers arising from switching are caused not so much 
by the rapid interruption of large currents (for as a matter of 
fact the rate of diminution at the instant of interruption is not 
very much greater than if the breaker remained closed), as 
because, after the current has ceased, the potential energy in 
the two systems, that is, the disconnected bank of transformers 
and transmission line, becomes changed into kinetic energy, 
setting up oscillations in the two systems which produce dif- 
ferences of potential at the disconnecting points sufficient to 
cause them to arc over. These abrupt changes in condition 
sct up other trains of oscillation which are superimposed on the 
first, resulting in abnormal stress on the insulation of the trans- 
formers. 

When the line is disturbed by lightning, the capacity of the 
transformers will have Httle to do with the severity of the 
disturbance. The charge due to a thunder-cloud, when re- 
leased, sets up waves which on striking the transformers cause 
a high stress between adjacent turns of the windings, particularly 
those near the terminals. A large capacity between adjacent 
turns will tend to reduce the severity of these stresses. In the 
star high-tension winding the large wide conductors tend to 
large values of capacitv between adjacent turns, which is the 
condition required for reducing the stresses. 

The delta-star grouping has the advantage from an insu- 
lation standpoint even if the neutral point is not grounded. 
With a grounded neutral point the insulation stress is still 
further reduced, an advantage which cannot be obtained with 
the delta-delta system without auxiliary star-delta transformers. 

The mechanical stresses due to short circuit will be the same 
for both systems, but delta high-voltage windings are not so 
well adapted to withstand mechanical shock as the stauncher 
windings for star connection. It may therefore be stated that, 
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with сама! mechanical support, the delta high-vollage winding 
will be mechanically weaker than the corresponding star winding. 

Considering the two systems from the point of view of cost, 
let the cost of winding the coils be considered first of all. The 
coils used in all power transformers of large capacity are dis- 
coidal, sometimes termed pan-cake coils, and consist of spirally 
wound flat copper ribbon conductors insulated with sleeves 
or strips of micanite or other insulating material. To enable 
the workman to produce a servicable coil the conductor must 
be large enough to hold down the sleeves or layers of insulating 
materials, otherwise the coil will be “ mushy ". However 
carefully a “ mushy " coil may be clamped up and treated it 
can never be as strong mechanically as one more solidly con- 
structed of heavier conductor. More care is therefore involved 
in winding such coils, in their preparation for treatment and in 
their handling after treatment, during assembly. The cost per 
turn per coil is therefore higher, as is also the cost of treatment 
and handling per coil. There are 73 per cent more turns in a 
complete delta winding than in a star winding, and an equiv- 
alent larger number of coils. The cost of the complete winding 
will therefore be considerably more for the delta than for the 
star system. | 

In assembling, cach coil has its own individual insulation; 
cach lead must be tied to its proper position. The coils in a 
group must be placed in position one by one during assemblv 
and the connections soldered. There are therefore more opera- 
tions in the assembly of a delta winding than in that of a star 
winding and the coils have to be handled with more care. The 
cost of assembly will therefore be higher for the delta-connected 
than for the star-connected transformers. 

Since the conductor to be insulated is smaller in the trans- 
formers of the dclta group than in those of the star group, 
the insulation will occupy relatively more space in the former 
than in the latter, with the result that the dimensions of the 
transformers for delta connection will be larger and require 
more active material than those for the star connection. 

A transformer designed for dclta-star connection is less costly 
to manufacture than one designed for delta-delta connection. 
The high-tension wiring of a group of star-connected trans- 
formers is simpler than that for one of delta-connected units, 
which is no inconsiderable advantage with high transmission 
voltages. 


~] 
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PossIBILITIES OF DEVELOPMENT 

The above discussion applies to present standard practise. 
Considered. from the point of view of future development, the 
advantage is all with the delta-star and star-delta connections. 
Thus, for example, the worst condition of stress in the trans- 
formers arises when one line becomes grounded. Figs. 4 and 
5 are the potential diagrams for such a condition. The delta 
group has a maximum stress varying from line voltage to 87.7 
per cent of the line voltage; in the star group the maximum 
stress varies from line voltage down to 57.7 per cent of the line 
voltage. If full advantage be taken of this difference the trans- 
former for star connection will be lowered still further in cost. 

With the advantage afforded by grounding the system at 


A 


Fic. 4—PorTENTIAL DIAGRAM OF Fic. 5—PorENTIAL DIAGRAM OF 
DELTA-DELTA CONNECTED DELTA-Y OR Y-DELTA CoN- 
BANK OF  TRANSFORMERS— NECTED BANK OF TRANSFORM- 
ONE LINE GROUNDED. ERS—ONE LINE GROUNDED. 


the neutral point, the star-connected group may be manufac- 
tured at a very much lower cost than the delta-connected group. 

As improvement in methods of switching will enable the 
manufacturer to take further advantage of the lower stress to 
which the star-connected group is subjected under operating 
conditions, considerable development may therefore be expected 
in this direction in the future. 


Past AND PRESENT PRACTISE 


In view of the fact that the largest and most successful power 
transmissions in America are operated with delta-star step-up 
star-delta step-down transformers, and that several among 
them, together with a large number of smaller power companies, 
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have been in operation for a considerable length of time, it 
seems somewhat superfluous to bring up arguments in support 
of this method of connecting transformers. Following is a 
list of power transmissions using transformers star-connected 
on the high-tension side which have been in operation for a 
considerable length of time. 


Ontario Power Сотрапу............. 66 000 volts. 
Southern Power Со................ 100000 “ 
` Ontario Hydroelectric Power Company. 110000 © 


Table I gives a list of power companies transmitting at 70,000 
volts and above; 22 out of 37 of these use transformers which 
are star-connected on the high-tension side. One of the most 
recent is the large power development of the Mississippi River 
Power Co., the Keokuk development transmitting power at 
110,000 volts. Perhaps the most notable of recent power de- 
velopments is that of the Pacific Light and Power Company, 
transmitting at 150,000 volts, which employs the delta-star 
connection. 

It will be evident from this table that the advantages of the 
delta-star connection are recognized by a large number of. 
engineers; but it should be uscd universally for transmission 
voltages above 66,000 volts instead of in a little more than 50 
per cent of the cases as the table indicates. 


~ CONCLUSIONS 

For transmission voltages below 44,000 volts, either trans- 
formers with star or delta-connected high-tension windings 
may be used; the delta connection has a slight advantage due 
to its greater flexibility. For transmission voltages above 
44,000 volts, transformers with star-connected high-tension 
windings should be used. | 

This conclusion is upheld bv sound reason and also because 
it has been tried out successfully on some of the largest trans- 
missions in the world, several of which have been operating 
successfully for a large number of years. 


To be presented at the 206th Meeling of the А meri- 
can Institute of Electrical Engineers, Pittsfield, 
Mass., May 29, 1914. 


Copyright 1914. By A. I. E. E. 
(Subject to final revision for the Transactions.) 


HARMONIC VOLTAGES AND CURRENTS IN Y- AND 
DELTA-CONNECTED TRANSFORMERS 


BY R. C. CLINKER 


ABSTRACT OF PAPER 


The paper reviews the conditions under which triple harmonic 
voltages and currents are produced in Y-and delta-connected 
transformers. These voltages are produced by hysteresis in the 
core. Ina single-phase transformer, increase of series resistance 
tends to suppress the current harmonic and produce the voltage 
harmonic. In three-phase transformers, a Y connection suppres- 
ses the current harmonic and allows the full flux and voltage har- 
monics to appear. Delta connection provides a closed path for 
the current harmonic, and suppresses the triple voltage. 

A case is cited where a Y-connected auto-transformer was used 
to step up from 6600 to 12,000 volts at a substation. The neu- 
tral was not grounded, and trouble resulted due to partial re- 
sonance at triple frequency between line capacity and trans- 
former reactance. "The paper shows that, although not generally 
recognized, a triple component can exist in the line-to-line cand. 
wave of a three-phase system. This is possible in a case where 
a two-to-three-phase transformation is used. and when the e.m.f. 
wave of the two-phase generator contains a triple harmonic. 
Modi diagrams and curves are given illustrating this possible 
elect. 


N CONSIDERING the relative advantages and  disad- 
vantages of Y and dclta connections of transformer 
windings, it is necessary to pay some attention to the production 
of harmonic voltages and currents occuring in such windings , 
due to hysteresis in the core. This has been treated by several 
since the present writer first drew attention to the effect,' but 
it may not be out of place in the present discussion to review 
briefly the conditions under which such harmonics become 
noticeable, and to point out a further possible case which, so far 
as the writer is awarc, has escaped notice. 

If we take the case of a transformer winding connected to an 
a-c. source of supply, we find that though the e.m.f. wave may 
be sinc-shaped, the current wave necessary to produce the sine 
flux wave contains harmonics, notably a third and a fifth, which 
are produced by hysteresis and by the variation of permeability 
of the iron. These current harmonics may boe regarded as in- 


1. See the Electrician for 10th November 1905 and 5th January 1906. 
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duced in the circuit by harmonic flux variations arising in the 
core. In such a case, however, the current harmonics produced 
“wipe out " almost completely the flux harmonic, because the 
resistance of the circuit is usually low. Hence the value of flux 
harmonic actually existing is onlv that sufficent to induce a 
voltage in the coil equal to ¿X r, where z 15 the harmonic current, 
and r the resistance of the winding. By increasing the resistance, 
however, the flux and voltage harmonics become very noticeable, 
and a distorted wave form appears across the coil terminals. 
(Incidentally, this has an important bearing upon the use of 
series resistance for varying the voltage of an insulation—testing 
transformer, which sometimes results in the production of a 
high peak voltage. One remedy is to shunt a resistance across 
the transformer terminals, which allows of the use of a lower 
series resistance and therefore, reduced distortion). Without 
increasing the resistance, however, there is another way by which 
the current harmonic may be suppressed, viz., by the use of a 
star-connection of circuits, using the term “ star " in its general 
senses implying n circuits for an »-phase system. A little con- 
sideration shows that the mth harmonic of e.m.f. induced by the 
iron is directed in each circuit simultaneously towards or away 
from the neutral point, and that therefore no current of this 
frequency can flow. Hence, with a three-phase Y connection, 
the triple component of the magnetizing current is eliminated, 
and the full triple frequency flux variation occurs, producing a 
distorted wave form of high peak .value, across each winding. 
With a Y-Y connection of transformers, particularly with single- 
phase transformers or shell type three-phase transformers, the 
full flux variation occurs. In the case of one set of windings, 
either primary or secondary, being delta connected, the flux 
variation is almost wholly suppressed by the circulation of the 
triple-frequency current in the closed triangle. From this point 
of view, therefore, a delta connection on either primary or sec- 
ondary is desirable, as (1) It avoids the extra insulation 
stress due to the higher peak voltage, and (2) In the case of a 
transmission line with grounded neutral, it prevents triple-fre- 
quency capacity current in the ground wire, which, in the case of 
long transmission and high voltage, may reach a high value. 
In core-tvpe three-phase transformers, the triple-frequency volt- 
age is not marked, as the magnetic circuit of the flux harmonic 
is a partly open one, the path being up the three limbs in parallel 
and back through the air or tank. Oscillograms showing the 
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conditions obtained in various cases were presented in an inter- 
esting paper by Mr. J. J. Frank, before the A. I. E. E. in May 
1910. А case where trouble occurred which could only be ascribed 
to the above effects was brought to the writer's notice some time 
ago. The conditions were as follows: 

From the power house, a five-mile 6600-volt line ran to a 
substation, where the voltage was raised to 12,000 bv two 
Y-connected auto-transformers of 600 kv-a. capacity, with in- 
sulated neutrals. The 12,000-volt line supplied a substation 
five miles away, where step-down transformers were installed. 
Trouble was experienced due to the gap arresters on the 12,000- 
volt line continually sparking to ground. Also two breakdowns 
on terminal leads occurred, and there were other general in- 
dications of high voltage to ground, although the line to line volt- 
age was correct. Voltage readings between the three lines and 
the auto-transformer neutral, on the 12,000-volt side, showed 
that with normal phase voltage on the transformer and the 
12,000-volt line disconnected, the pressure between each 12,000 
volt terminal and neutral was 17 per cent greater than the phase 
voltage + 4/3. Then the 12,000-volt line was switched on, the 
voltage to earth rose further to 33 per cent above the normal 
value. Grounding the neutral of the auto-transformers cured the 
trouble, and reduced the voltage between the 12,000-volt lines 
and the ground to normal. It should be noted that the neutral 
of the generators was grounded through a low resistance at the 
power house. A ready explanation of these effects is afforded 
when the triple-voltage harmonics induced in the transformers 
are taken into account. With 12,000-volt lines disconnected, 
there is a 17 per cent increase of voltage to ground due to triple 
harmonic. This is aggravated, however, when the 12,000-voit 
line is connected, due to partial resonance, the capacity being in 
series with the hivh reactance of the auto-transformer winding. 
In this case the circuit 15 completed through the grounded gener- 
ator neutral and the 6600-volt line. The effect of yrounding 1s 
to connect the neutrals of generator and auto-transformer, 
and allow the triple component of current to be supplied, thus 
eliminating the voltage harmonic. 

It has sometimes been stated? that no triple harmonic can 
exist in the e.m.f. between the lines of a three-phase system. It 
appears to the writer, however, that, though not often met with 


2. See Steinmetz, Paper before N. E. L. A., June 1907., also Rhodes 
TRANS. A.I.E.E., 1910. 
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in practise, such an effect is quite possible. ‘Consider the case of 
a two-phase generator supplying a three-phase line through 
Scott-connected transformers, and suppose that the generator 


Fics. 1-7—DIAGRAMS SHOWING TRIPLE HARMONIC IN THREE-PHASE 
SYSTEM AS PRODUCED BY THREE-PHASE GENERATOR OR BY Y-CON- 
NECTED TRANSFORMERS—DOTTED TRIANGLE SHOWS LINE-TO-LINE 


E. M. Fs. 
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Fic. 8—WaAVE SHAPES OF E. M. FS. BETWEEN LINES OF THREE-PHASE 


SYSTEM, SHOWING TRIPLE HARMONIC TRANSFORMED FROM Two- 


PHASE SYSTEM. 


Curves I and II two-phase e.m.fs. Curves A, B and C three-phase e.m fs. 
See Figs. 9-15 for vector diagram. 


e.m.f. waves contain triple harmonics. As the main waves 
differ by 90 deg. in phase, the harmonics in the two phases will 
differ 3 X 90 deg. or 270 deg. in phase, i.e., they will be in quad- 
rature. Hence we have a two-phase supply at triple frequency 
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impressed upon the primary, and this is transformed to a three- 
phase e.m.f. at triple frequency which appears between the lines 
as a superposed harmonic on the fundamental three-phase e.m.f. 
It is a curious fact that this effect cannot be obtained by direct 
three-phase generation, but, apparently, only by transformation 
from a two-phase supply. The accompanying diagrams will 
make clear the difference between the two cases, viz., (1) Triple 
harmonic due to three-phase generator, or Y connection of trans- 
formers. Harmonic appears only between line and neutral, and 
not between lines. Figs. 1 to 7 show the vectors at progressively 
varying phases, during one-third of a cycle. 

(2) Triple harmonic impressed on system by two- to three- 
phase transformation. Harmonic appears both between lines, 


Fics. 9-15—Vector DIAGRAMS SHOWING TRIPLE HARMONIC TRANS- 
FORMED INTO THREE-PHASE SYSTEM FROM Two-PHAsE SYSTEM. 
(SEE Fic. 8 FOR WAVE SHAPES.) 


and between each line and neutral. Fig. 8 shows the three-phase 
waves produced between lines, assuming particular values for 
the amplitude and phase of the triple harmonic in the two-phase 
e.m.f. Curves I and II are the assumed two-phase waves, 
having exaggerated harmonics. A, B, and C are the resulting 
three-phase line voltages. Note that these waves are dissimilar. 

Figs. 9 to 15 give the vector diayrams corresponding to Fig. 8. 
The dotted line A, representing one of the three-phase line 
voltages, also represents by its projections on vertical and hori- 
zontal the two-phase voltages I and II respectively. 

The writer is not aware of any previous refcrence to this 
possible effect, and it would be interesting to hear if such has 
been observed on any line employing two- to threc-phase trans- 
formation. 
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RELATIVE MERITS OF Y AND DELTA CONNECTION 
FOR ALTERNATORS 


— 


BY T. S. EDEN, 


ABSTRACT OF PAPER 


The main advantages obtained with the Y connection are as 
follows: 

(1) It is possible to bring out a lead from the neutral point of 
the winding, which is useful for various purposes. 

(2) The cost is less than with the delta connection, requiring 
approximately 58 per cent of the turns. 

(3) It is not possible for circulating currents of triple frequency 
to flow in the windings. 

The delta connection does not appear to have any advantages 
except as a convenience in design for certain voltages. When 
used, proper precautions must be exercised in the design to elim- 
inate excessive circulating currents. 


HE FLEXIBILITY in design of three-phase machines, 
as compared with two-phase, lies in the possibility of using 
either the Y or delta connection. 

It might be expected that either connection would be used 
indiscriminately, depending on which worked out best for the 
case in hand. 

However, it is probably safe to say that over ninety per cent 
of the three-phase generators built are Y-connected. 

The other cases are those in which, duc to limitations in design 
as regards spccified output, voltage etc., the delta connection 
‘permits the use of standard frames and tools, thus avoiding 
development. А few cases will also arise where customer's 
specifications call for the delta connection. 

some of the advantages of the Y connection are as follows: 

(1) The possibility of bringing out a lead for various uses from 
the neutral of the winding. 

This lead may be grounded. It may be used as the return in a 
four-wire system, giving with a 210-volt generator, the voltage 
between the neutral and the end of each phase for incandescent 
lighting; similarly, on a 4000-volt gencrator, giving 2300 volts 
for use with standard transformers for three-phase four-wire 
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systems of distribution. In this latter case the neutral is 
generally grounded. This system is used in many large cities. 

(2) The Y connection gives the required voltage with 58 per 
cent of the turns required by the delta connection. This is a 
large factor in cost, especially in machines of high voltage and 
large numbers of turns per coil, where the expense of internal 
insulation increases rapidly. 


(3) In a Y-connected machine, with ungrounded neutral, it is 
impossible for currents of triple frequency or multiples of triple 
frequency to flow, since the third harmonics, existing in the two 
legs of the Y winding which are in series between a pair of ter- 
minals, are opposed to cach other and of equal value, thus neutral- 
izing one anothcr. 

In a delta-connected machine, the triple harmonics are in phase 
with each other, and will send triple frequency currents through 
` the three phases in series of the closed delta. These currents are 
internal in the windings, the e.m.f. which causes them to flow 
being short-circuited in the closed delta, not appearing in the 
e.m.f. measured between terminals. 

These circulating currents may be of great magnitude, entail- 
ing large PR losses in the windings and corresponding loss of 
efficiency. 

(4) In gencral, for the average alternator, the e.m.f. wave of 
the Y-connected winding is ncarer a true sine than that of the 
delta-connected generator. 


(5) The use of the grounded neutral reduces the potential 
strain on the insulation of the windings, permitting reduced 
thickness of insulation. 


The above indicate the merits of the Y connection. 

On the other hand the delta connection does not appear to 
have any advantages. When used, care must be exercised in 
design, paying attention to the percentage of pole-face width to 
pole pitch, shape of pole face, saturation of the magnetic circuit, 
etc. 

Fig. 1 gives the wave shape of the e.m.f. on closed delta of a 
900-kv-a., 25-cycle, 400-volt unit, in which it was found that the 
circulating current at excitation for no-load full voltage was 83 
per cent of full load current. 

At 75, 87.5, 100 and 112.5 per cent of full voltage no-load, the 
circulating current was found to be 59, 69, 83 and 107 per cent, 
respectively, of full load current. 


PLATE XXXVIII 
А. |. E. E. 
VOL. XXXIII, NO. 5 


[EDEN] (крем) 
Fic. 1—PorENTIAL WAVE ОЕ 900- Fic. 2—PoTENTIAL WAVE OF 900- 
KV-A. 25-CycLE, 400-VOLT GEN- EV-A., 25-CvcLE, 400-VoLT GEN- 
ERATOR, CLOSED “ DELTA ”. ERATOR, OPEN “ DELTA ”. 


[EDEN] 
Fic. 3— PoTENTIAL WAVE OF 7.5-Kv-A., 60-CYCLE, 110-VoLT GENERATOR 
CLOSED “ DELTA ”’. 


[EDEN] [EDEN] 
Fic. 4—POTENTIAL WAVE OF 7.5- Fic. 5—PoTENTIAL WAVE OF 7.5- 
KV-A., 60-CvcLE, 110-VoLT GEN- KV-A., 60-CvcLE, 110-Vor 1T GEN- 
ERATOR, OPEN “ DELTA ”. ERATOR,  AcROsS TERMINALS 


CONNECTED Y. 
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The analysis of this wave shape shows the equation of the 
curve to be 
E= + 99.9 sin (a — 0.01 deg.) 
+ 1.0 sin (5a +36 deg.) 
— 1.8 sin (5a + 4 deg.) 
+ 2.9 sin (Ze — 16 deg.) 
+ 0.2 sin (9a 4-59 deg.) 
— 1.1 sin(lla+72 deg.) 
— 0.3 sin (13a —45 deg.) 


Similarly, Fig. 2 shows the wave shape of e.m.f. taken across 
one leg of the delta, one corner of the delta being open. 
The analysis of this curve gives the equation 


E = 99.9 sin (a —0.1 deg.) 
— 5.9 sin (3a — 9 deg.) 
+ 0.3 sin (5а + 28 deg.) 
— 0.1 sin (7a —86 deg.) 
+ 1.1 sin (до + 8 deg.) 
+ 0.1 sin (1а + deg.) 
+ 0 сіп (13a + 0 deg.) 


In the former the percentage of third harmonic is small as 
compared with the latter, the e.m.f. being used up in overcoming 
the internal impedance of the machine. However the fifth and 
scventh are strong, being produced by the pulsations of the field 
set up by the circulating current in the delta. The latter shows 
a third harmonic approximately 6 per cent of the fundamental, 
the others being practically negligible. 

The Y connection constructed by adding two waves like Fig. 2, 
displacing them 60 deg., gives practically a sine curve. The use 
of a Y connection in this instance would have cffected a saving 
of over 1 per cent in efficiency at full load. 

Similarly, curves in Figs. 3, 4 and 5 show e.m.f. waves of closed 
delta, open delta and Y connection on a 7.5-kw. alternator in 
which the circulating current was a large percentage of full load 
current. 

A further example of the effect of saturation on circulating 
current is seen in the following table, made up from tests of a 
3000-kv-a., 6600-volt, 112 rev. per min., 60-cycle generator, 
connected delta for testing purposes, 
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Per Cent Full Volts Per Phase Circulating Current in Per 
Cent of Full Load Current 


E 


e 
жә 

оо чочо 
E 


By using a 66$ per cent pitch winding, with the delta con- 
nection, the third and multiples of the third harmonic are elimi- 
nated. (See TRANS. A. I. E. E., Vol. 28 (1909) page 1064.) 

Thus in a 2500-kv-a., 2300-volt, 133-rev. per min., 60-cycle 
generator delta-connected, using 663 per cent pitch, an ammcter 


— > 


Fic. 6—PorENTIAL WAVE ОЕ 2500-Kv-A., 60-CYCLE, 2300-VoLT GEN 
ERATOR, OPEN DELTA. 


in the corner of the delta gave no reading. The wave shape 
taken across onc leg of the winding, with the delta open, is shown 
in Fig. 6. 

It would thercfore seem that from the standpoint of the 
designer, the Y connection is the safest to use and that great 
care must be exercised in using the delta connection. 
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THE PRESENT STATUS OF ALUMINUM-CELL LIGHTNING 
ARRESTERS 


BY E. E. F CREIGHTON 


ABSTRACT OF PAPER 


This paper gives a brief survey of the conditions of operation 
of aluminum-cell arresters, without anv description of the forms 
of the arresters. References are made to recent investigations 
of lightning phenomena and their possible effects on the design 
of protective apparatus used at present. The d-c. aluminum ar- 
rester is most economical and represents the highest possible 
grade of protection. In connection with the a-c. aluminum 
arrester the following points are discussed: dielectric spark lag, 
dissolution of film, charging resistance, oscillations, damping, de- 
grees of surges due to natural operations and accidents, and іп- 
sulations which withstand these surges. Charging resistance on 
aluminum arresters is chosen to make surges harmless, and the 
charging resistance gives great immunity from damage to the 
arrester itself by any accidental and temporary local condition 
in the arrester. In conclusion, the aluminum-cell arrester may 
justly be regarded as a standardized electrical device founded on 
solid fundamental principles. 


— < à 


xA the aluminum-cell lightning arrester 15 

now many years old in practise, there is available in the 
TRANSACTIONS of the Institute very little definite scientific 
information on this subject. It has seemed preferable to produce 
certain results rather than describe beforehand how such results 
were to be obtained. The practise of the aluminum arrester 
has now scttled down to definite sets of conditions, and it is the 
object of this paper to consider standard conditions and open up 
the subject to discussion. Aluminum lightning arresters will be 
treated in general on points that may seem debatable. No 
detailed description of apparatus will be given hercin. 

The question is often asked—Will certain types of arresters 
be superseded? In very few cases has it been possible to give a 
definite answer to such a question, owing to incomplete knowl- 
edge of cloud lightning phenomena. — It has been possible to say 
that if future investigations of cloud lightning prove that every 
lightning stroke is of high frequency and steep wave front, 
certain changes would come about under these conditions; it 
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would be possible to prophesy, with considerable confidence, 
that many types of lightning arresters now in use would disap- 
pear. The natural growth of protection would be along the line 
of various types of high-frequency absorbers. 

If, on the other hand, it should be shown that lightning is 
always of low frequency, and givcs the surge a sloping wave front, 
then again, it would be fairly safe to prophesy the contrary— 
that very few of the lightning arresters now in use would disap- 
pear, and that probably no other devices would take their place. 

Recent investigations of lightning phenomena have confirmed 
our views that cloud lightning has wave fronts of various degrees 
of steepness, and without question some of the lightning strokes 
are not high-frequency cffects but are of the nature of simple 
impulses. The writer’s recent experiences along this line have 
been gained by indirect methods. Lightning arresters have been 
put out which were sensitive to.very high frequencies, and at 
high frequencies had very good protective qualities; but at very 
low frequencies their spark potentials were greater than at high 
frequency. Other arresters equally sensitive to both high and 
low frequencics have been installed in the same locality. This 
experience has indicated that many of the strokes are of low 
frequency. Тһе most valuable and practical investigation of 
lightning arresters that has yet been made on a large scale has 
bcen carricd on by Mr. D. W. Roper, and no doubt these results, 
which are incomplete at the present time, will be made available 
at some later date. More direct measurements of lightning 
taken with an oscillograph have been таас by Mr. L. A. De 
Blois. "These, I believe, are the most valuable direct tests that 
have been made in many years. I am personally indebted to 
both Mr. Roper and Mr. De Blois for information on their 
rescarches, and I understand that their valuable work will be 
presented to the Institute at some future mecting.* 

In the development of the present standard arresters our 
knowledge of lightning gave us no alternative but to assume that 
lightning had all the characteristic qualities of the various 
surges that could be produced in the Jaboratory. For example, 
we have assumed: 

That the frequency might be from zero to 5,000,000 cycles 
per second. 

*See paper by L. A. DeBlois, Some Investigations on Lightning Pro- 
tection for Buildings, PROCEEDINGS A.LE.E., April, 1914, page 563. 
(Presented at Washington, D.C., April 24, 1914 ) 
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That the wave front might be either vertical or angular. 

That the quantity of electricity was both large and small. 

We have known from our carliest investigations that several 
strokes camc іп succession. It was also necessary to take into ac- 
count the cffects of the energy from the generator which followed 
the lightning discharges. In this way we have endeavored to be 
prepared to meet any new information that might come con- 
cerning lightning strokes. Naturally, all these different factors 
could not be given equal weight in the design, and therefore, 
as more definite information regarding the nature of lightning 
is obtained, the designs will be strengthened in the features 
that these investigations may show are weak. It is a matter of 
increasing the ultimate efficiency by a small percentage. 

The direct-current aluminum arrester is practically ideal from 
the standpoint of protection. It has no series gap and therefrom 
it gains two valuable characteristics: the first of these is the elim- 
ination of any dielectric spark lag; and the second is the ab- 
sorption of high frequencies which have a less potential than the 
circuit potential. Commenting on these two conditions, the 
dielectric spark lag, although it is ever so small, is still appreciable 
as compared with the time of movement of a surge along over- 
head lines. A surge will travel a mile (1.6093 km.) in about 
five millionths of a second. If the surge is a mile long, and the 
dielectric spark lag is five millionths of a second, such a surge 
will have passed along the line without starting a spark across 
the gap. The only means of discharging such a surge would be 
by introducing a choke coil in its path and thus delaying its move- 
ment sufficiently to allow the spark gap to become ionized. 
Since the spark gap of the a-c. aluminum arrester hasa setting 
which may be only 25 per cent above the line potential, high- 
frequency surges can be deflected into the arresters rf the 
potential either of the surge or the superposed, value on 
the 60-cycle potential reaches the spark value. If the generated 
potential happens to be zero at the instant, it is evident that the 
surge itself must have a value 25 per cent above normal in order 
to cause the arrester gap to spark. Thed-c. aluminum arrester, 
by its direct connection, is able to pick up surges of all frequencies 
and all potentials immediately on their arrival at the terminals 
of the arrester. 

The practical demonstration of the protection afforded by 
these d-c. aluminum arresters confirms the theoretical work and 
experimental tests made on the cells. The discharge rate at 
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double potential is more than a million times as great as the leak- 
age current at normal potential. 

From a practical standpoint, the cost of such arresters must be 
considered. While the cost and upkeep of the 4-с. aluminum 
arrester 1s grcater than for the older tvpes using gaps and scries 
resistances, still the aluminum arrester is the more econom- 
ical one to use. The higher protection given by the cells would 
justify some increase in expense on account of the better service 
that can be maintained. But, as a matter of fact, the actual 
expenditure for the protection as a whole becomes less, due to 
the fact that good protection on the cars makes a less demand 
for the use of arresters along the trolley linc. The saving in the 
cost of line arresters will more than compensate for the extra 
cost and upkeep of the aluminum arrester. Moreover, even 
with the verv best types of gap arresters on trolley cars and 
trolley lines it is impossible in lightning-infested districts to 
maintain the car service. The percentage of protection from the 
gap type of arresters is not high enough even when the best ar- 
rangement of wiring and choke coils is used in conjunction with 
the arresters. 

There is one further function of the d-c. aluminum arrester 
that has considerable value, and that is the absorption of clectro- 
magnetic surges coming from the interruption of accidental short 
circuits on the trolley line. Such high potential across loaded 
motors has a tendency to cause flashing around the commutators. 
If the flashing around the commutator is caused by the excess 
potential, then the d-c. aluminum arrester will relieve the trouble. 

Answering, then, the frequently asked question—Will the 
d-c. aluminum arrester be superseded?—the answer is, in prin- 
ciple,no. Improvement in details may be made, and there may be 
discovered some new and better substance than the aluminum 
film, but none is vet known. Any degree of protection that is de- 
sired atits terminals can be obtained by the use of this arrester. 
An improvement in the length of life of the arrester is desirable, 
but this will not be superseding it. The discovery of some new 
substance that will give the same сіссігіс valve effect at a defi- 
nite voltage only slightly above the operating voltage would be 
no particular improvement, unless perhaps it might be something 
that would not deteriorate when left disconnected from the cir- 
cuit. 

Turning next to the a-c. aluminum arrester, it was found 
impracticable to maintain simplicity and long life in the arrester 
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and at the same time keep the arrester: directly connected to 
the circuits. For this reason the horn gap was introduced in 
series with the aluminum cells. Since the hvdroxide films on 
the aluminum plates graduallv dissolve in the clectrolvte it 
becomes necessary to introduce a method of charging the cells. 
'The simplest method was first tried: it consisted of bringing the 
horns near cach other and reducing the gap to a very small 
value. Many trial installations were made under these conditions 
and no bad effects were obtained. When the number of arresters 
in use ran up into the thousands, then an occasional trouble 
resulted from the rush of current into the aluminum cells. 

The aluminum cells are condensers and as such will take 
initially a considerable rush of current. Furthermore, the dis- 
solution of the aluminum films required a considerable quantity of 
electricity from the line to reform them. Where the films had been 
subjected to unusual dissolutions either by standing in hot electro- 
lyte, resulting from atmospheric temperature orlong periods of 
discharging, or from neglect to charge, the current rush into the 
aluminum cells became a serious menace, mostly to the arrester 
itself. Since there 1s no external indication of a bad condition 
of the aluminum cells, even an expert would be unable to know 
if it were permissible to close the charging gap of the arresters. 
This led naturally to the use of charging resistances in series 
during the ten seconds a day necded to charge the arrester. 
The charging resistance 1s an added expense and an added com- 
plication. But the added complication is relatively small, and the 
all-around increase in the safety of the arrester is great enough 
to justify both the cost and complication, from the user’s stand- 
point. | 

The subject of possible surges accompanving the charging of 
aluminum arresters is one far more pertinent in an article written 
for foreign readers than in one for American engineers. The for- 
cign operators seem to have had misfortunes with their arresters 
that have not been duplicated in America. The reason for this 
might be attributed to a number of different causes, depending 
upon the country and the localities. These reasons might be 
enumerated as methods and care in manufacture, the lack of 
definite and emphatic instructions to operators, poor distribution 
of insulation in transformer coils, and difficult situations caused 
by any onc of several factors, such as, for example,—high temper- 
ature, bad regulation of the line, and insufficient care after an 
arrester had been called on to discharge continuously during an 
accidental ground. 
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The general results from any one or morc of the foregoing 
enumcrated factors may be classified under two heads: first, a 
short circuit in the arrester and consequent interruption on the 
linc; and second, surges set up on the line without any damage 
to the arrester. Nearly all these conditions can be rendered 
harmless by the use of charging resistances. The one important 
exception is the matter of bad regulation of a line in which the 
power voltage is allowed to rise to values above the spark 
potential of the arrester. Under these conditions of discharge 
the arrester is no longer being used as such, but rather as a rheo- 
stat to absorb the gencrated power. The arresters cannot, at 
any reasonable expense, be designed to act as rheostats. 
While it might, in special cases, be possible to develop arresters 
which would withstand these conditions, the better solution of 
the problem 15 to improve the regulation. If care іп manufactur- 
ing the aluminum plates and the electrolyte is not taken, 
and the installation made free of dirt and impurities in the elec- 
trolyte, more or less deteriorated conditions will exist through- 
out the life of the arrester. Certain kinds of impurities have 
a strong destructive cffect on the films. A condition of un- 
usually high operating temperature may call for an electro- 
lyte especially adapted to high temperatures, or it may 
simply be taken care of by charging two or more times a day. 
Dissolution of the film from standing in hot electrolyte after the 
arrester has discharged continuously for a number of minutes can 
cause no trouble if a reasonable charging resistance 1s used, as the 
series resistance limits the current to a value which will not 
damage the arrester. With the exception, then, of high genera- 
tor potentials from bad regulation of voltage, there is no diffi- 
cult problem connected with the use of aluminum arresters. 

A discussion of thc aluminum arresters would not be complete 
without some reference to the possible surges that may be set 
up by the charging of the arrester. Surges on an electrical 
system may be considered in a list of ascending degrecs of severity. 
Turning on an incandescent lamp sets up an cléctric wave on the 
system by calling on the generator for more power. А surge 
of this kind is of the third order of importance, and therefore, 
entirely negligible. | It is well known that any spark or arc in the 
circuit containing inductance and capacity tends to set up oscil- 
lations, but if the resistance in series is equal to, or greater than, 
the critical resistance, oscillations will be prevented. 

It is common practise to-day to open and close circuits which 
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contain inductance and capacity without introducing in series 
a resistance to absorb the transient surges that are thereby set up. 
It is also common practise to-day to use circutt breakers to open 
accidental short circuits in which there is a high value of surge 
energy, and sometimes high voltages. 

Going still a step further, every circuit is subject to accidental 
arcing grounds, which produce continually on the circuit danger- 
ous surges which are often but slightly damped. It is difficult to 
protect apparatus from these most severe conditions of surges. 
In general, however, apparatus is built to withstand severe 
treatment, and there is but a small percentage of loss. There- 
fore, when we come to consider surges on the system we should 
take into account the conditions of insulation in relation to the 
severity of the surge. 

In all these graded degrees of severity of surges, where should 
the aluminum arrester be placed? If there were a demand for it, 
the arrester could be placed in the list next to the negligible surge 
of connecting an incandescent lamp to the circuit, and this 
could be accomplished by using graded rcsistance in charging. 
In view of the insulation of the apparatus that is necded for the 
usual condition of operation and to withstand the inevitable 
accidents which cause severe surges from time to time, the use 
of graded charging resistance would be a needless and inconsis- 
tent precaution. It is sufficient to say that it could be done if it 
were desired. Шш 

What is actually done is more reasonable. A relatively large 
value of resistance is uscd in the charging circuit, limiting the 
current to a range of 5 to 15 amperes. Charging resistances are 
an intrinsic part of aluminum arresters as now manufactured. 
Strong recommendations have been made to operators to add 
them to their older arresters. A characteristic answer is to the 
effect that “ our arresters have been charged through a gap for 
six years without trouble, and we are satisfied." The change 
is brought about not by reason of surges, unless they cause 
telephone interference, but rather on the ground that the arres- 
ter is made more immune from damage to itself. 

In foreign countries, with their water jets and resistance types 
of arresters, the controversy over arresters still waxes as warm 
as it did here in the formative period some eight or ten years ago. 
The following argument is advanced against the aluminum 
arresters: admitting that the charging resistance does away with 
the surges, what about the heavy strokes which cannot pass 
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through the charging resistance and therefore jump the main 
gap directly into the cells to ground? To anyone familiar with 
the practise here up to 1913 an answer is unnecessary. If this 
discharge path were a menace, devices could be used to mitigate 
it. The nature of the menace can be understood by a review 
of the past practise. There are several thousand aluminum 
arresters In use that have been charged through a gap without 
series resistance. Good practise now condemns the method, but 
there itis. Ten seconds’ charge a day produces over a thousand 
makes and breaks. There would therefore be more than a 
million total made per day and more than a billion in a few vears. 
Judging by the rare cases of trouble in this vast number it cannot 
be much of a risk to allow a few discharges per year to pass 
directly to ground through the aluminum cells, especially in 
face of the fact that such a surge is so dangerously large that it 
cannot be relieved through the resistance, and therefore the surge 
itsclf is an undoubted menace to the insulation as it runs wild 
over the clectrical system at 186,000 miles per second. 

The status of the aluminum arrester, therefore, is that of a 
device founded on the solid principle of a safety valve. It has 
definite limits of maximum current discharge rate and of energy 
absorption, beyond which damage to the arrester will result. 
In this respect it is no different from other standard apparatus. 
Years of experience have demonstrated that these limits arc far 
above the usual demands of practise, but naturally it is not impos- 
sible to pass them. The flexibility to meet. special conditions is 
great. Film area, internal resistance, relative gap settings, 
external resistance—all are readily adjustable to the demands 
which may possibly come as our knowledge of lightning and 
other surge phenomena 15 increased. 
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ELECTRIC POWER 


BY DAVID B. RUSHMORE AND ERIC A. LOF 


ABSTRACT OF PAPER 


The authors briefly trace the evolution of electric power 
up to the present time, and note various fields of application 
of electric power which have become specialized branches of 
electrical engineering. 

The tendency of public utilities towards consolidation, and 
the advantages to be derived thereby, are discussed, also the in- 
terconnection of hydroelectric plants, and the grouping of 
systems under a holding company. The growth of the electric 
power industry is illustrated by reference to the recent U. S. 
census report. 

The present practise tends to the use of very large generating 
units, and transmission lines are being constantly increased in 
length and operated at higher voltages. Applications of 
electric power to various industries are briefly referred to and 
their advantages in various ficlds are specified. 


HE present situation of electric power is best seen in per- 
spective; it is one amongst many forces which have played 
a part in the development of our civilization. Looking for an 
instant back to the dawn of history, which began with articulate 
speech, we discern a number of factors which played an import- 
ant part in the development of the human race. After com- 
munication through speech was developed, the use of fire, the 
invention of the bow and,arrow, the development of pottery 
and the domestication of animals, together with the develop- 
ment of irrigation and the use of bricks and stones for buildings, 
led up to the important change brought about by the smelting 
of iron. Since that time the invention of writing, of gun- 
powder, the mariners’ compass, of paper and the printing press, 
of spinning and weaving, and, finally, of the steam engine, have 
brought civilization to the middle of the last century. 

With the development of the steam engine came the intro- 
duction of an entirely new factor into civilization, that is, the 
manufacture of power, and the ability to utilize in forms ap- 
plicable for substitution for the physical work of man the 
stored energy of our natural resources. The devclopment of 
the industrial life is necessarily dependent upon the manufac- 
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ture of power, and its beginning is а feature of the century 
which has just closed. 

With the latter part of the nineteenth century there came 
about what may properly be termed the beginning of an age 
of electricity. Power manufactured from water-falls or from 
coal piles had decided limitations regarding its usc, which was 
necessarily confined to the immediate vicinity of the place 
where it was produced. Energy in the form of coal is, of course 
transportable, so that the industrial centers were not necessarily 
limited to the vicinity of coal mines, but the methods of trans- 
mission of power being almost entirely by means of shafting, 
belts, ropes, chains, gears, ctc., the distance over which power 
could be efficiently transmitted was small. 

The age of electricity which has brought with it the possibility 
of transmitting clectrical energy over great distances has allowed 
the development of remote and inaccessible water powers, the 
energy of which has been utilized in the most favored locations. 
It has also allowed the power generated from steam engines to 
be concentrated in large power houses, and to be transmitted 
over distances approaching those in use with water powers. 
The effect of this development has been wonderful, and at the 
same time not easily discernible. 

Electricity plays an important part in our present civilization 
along four principal lines—communication, transportation, 
illumination, and industrial power in its broadest sense. At 
first, the use of power made a slow progress, but its present 
rate of increase is very large. The original man used his own 
muscles and later co-operated with a number of others where 
his single effort was unavailing. Through slavery he brought 
to his own use the power of a number of men, and later domesti- 
cated animals. 

Water powers were the first real development outside of 
animal life, and there are still manv industrial centers grouped 
around these early installations, such as 1s evidenced by many 
of the old New England manufacturing centers. 

Suddenly at the end of this long period has come the develop- 
ment of the steam engine and its child, the steam turbine, 
with its applications to transportation on land and water, and 
for general industrial power purposes, followed by a varietv 
of developments of gas, gasoline and oil engines. 

Energy available for the use of man comes to us either from 
the sun or from the rotation of the earth. For practical con- 
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sideration the second can be neglected, and the energy of the 
water powers, of the coal, gas and oil deposits furnish our source. 
Through such prime movers as water wheels and various forms 
of engines and turbines this energy becomes available 1n me- 
chanical form, but is in many cases not well suited for general 
application. 

Electricity is not in itself a source of cnergy. It is obtained 
either directly or indirectly, by transformation from energy 
in either a chemical or mechanical form, and in all practical 
cases is again transformed before being utilized. Electricity 
therefore plays the function of being the most convenient form 
in which, for many purposes, energy can be transmitted and 
distributed. 

For all power purposes electrical energy is converted into 
mechanical energy by means of an electric motor driving a 
machine. In its application to the transportation of people 
and commodities we employ it to a growing extent on our main 
railroads, on our interurban and city railway systems, on auto- 
mobiles of either the storage battery or trackless trolley type, 
and on elevators. For manufacturing purposes clectricity is 
converted into chemical energy in various electrochemical 
processes, into heat for its use in electric furnaces, cooking and 
heating apparatus of various kinds, and, as before mentioned, 
into mechanical energy by electric motors driving a wide varicty 
of industrial machinery. 

A subdivision of the various fields of activity in connection 
with electrical work is possible along a number of different 
lines. The specialization of the use of electricity has proceeded 
to such a point that a certain desirability of grouping 1s apparent, 
and that adopted by the International Electrical Congress is 
a very suitable one. This 1s as follows: 

1. Generation, Transmission and Distribution. Central station and 
substation design, control and operation. Long distance transmission 
of electric power. 

2. Apparatus Design. Generators, motors and transformers. The 
rating of machinery. 

3. Electric Traction. and Transportation. City, surface and rapid- 
transit ratlways; interurban and trunk lines; electric vehicles, ship pro- 
pulsion, mining railways, elevators and hoists. 

4. Electric Power for Industrial and Domestic Use Factories, Mills, 
refrigeration, heating devices, etc. 

5. Lighting and Illumination. Arc and incandescent lighting; the 
science and art of illumination. 

6. Protective Devices: Transients. Switches, circuit breakers; conden- 
sers; electrostatics; disruptive phenomena; high-frequency phenomena. 
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7. Electrochemistry and Electrometallurgy. Electrolytic and metal- 
lurgical apparatus and processes. 

8. Telegraphy and Telephony. (a) All communication of intelligence 
by the use of wires. (b) Electromagnetic waves and radio-telegraphy 
and -tclephony. 

9. Electrical Instruments and Electrical Measurements. Switchboard, 
portable, standard and absolute instruments. 

Testing and standardization methods; absolute measurements. 

10. Central Station Economics. Load factors, power factors, measure- 
ment of maximum demand and all problems affecting the economy of 
central stations; also rates, their regulation and legislation. 

11. Electrophysics. Radioactivity; Róntgen rays; gas and vapor con- 
duction; electron theory; constitution of matter, etc. 

12. Miscellaneous. Such as history and literature of electrical engin- 
eering; symbols and nomenclature; engineering education and cthics. 


The field of electrical activity having become so great that 
it is impossible for any one individual to follow the different 
lines in all their details, it becomes desirable to so group the 
subjects as to bring together in one class those of interest to 
one group of individuals. 

The problems of generation, transmission and distribution 
of power are so interwoven in their engineering aspects as to 
preclude of any natural separation of treatment, and therefore 
inevitably these three subdivisions fall together in one class 
and include the gencral subjects primarily associated with the 
activities of the public utility. The question of the utilization 
of power, especially in its details, is often something with which 
the public utility 1s not concerned and properly falls into a 
different grouping. 

With the continued growth of the Institute and the necessity 
for a rearrangement in its organization of technical committees, 
it has been seen that the Electric Power Committee would best 
include such subjects as might properly fall under the heads 
of at least three sub-committees on the generation, transmission 
and distribution of power. 

The generation of electrical energy naturally includes all of 
the questions involved in the conversion of potential into 
mechanical energy, and from mechanical into electrical, involv- 
ing questions of power station and prime movers. The trans- 
mission of electrical energy would naturally include all of the 
electrical and mechanical features of transmission lines and such 
factors as may incidentally be involved, while the distribution 
of electrical energy may be said to bring it up to the point of 
application to the consumer. 
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Public utilitics are now undergoing very great changes. 
There is a strong tendency toward consolidation with a view 
of concentrating the power supply for all uses in a large territory 
from one system. So, for example, a supply company in a 
large city expands so as to embrace the whole district around 
it, and service given originally within a small arca is unified 
over hundreds of square miles. In other cases the properties 
in a given territorv are merged and brought under one тапаре- 
ment. This is strikingly illustrated by one large public service 
company in the Middle West where nearly one hundred com- 


EARNINGS OF PuBLIC SERVICE COMPANIES 


munities were originally supplied by about fifty separate gen- 
crating stations. These have now mostly been shut down and 
four modern stations will ultimately furnish all the power 
needed for this service. 

The interconnection of hydroelectric transmission systems 
Is also a step in the right direction, as demonstrated in our 
Southern states where half a dozen large systems are tied to- 
gether, furnishing power to each other on an “ interchange ” 
contract basis. The advantages of this are obvious. The 
peak loads of the different svstems may not coincide, the mini- 
mum stream flows may occur at diffcrent times on the different 
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water-sheds, common steam reserve stations may bé used, and 
in gencral the operation may be so improved that a most cf- 
ficient and reliable service can be rendered to the customers 
of all the systems so tied together. 

In some cases groups of established systems although located 
in vastly different localities may be brought together under 
one holding company, and to the crcation of such companies 
may, in many instances, be attributed the high-class service 
and financial success of our small and medium size light and power 
systems. The cconomies due to a central management, the 
benefits of the best technical and expert advice applied even 
to the smallest central station, the cumulative cffect of active 
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up-to-date new business campaigns at every point, all have con- 
tributed to an improved and cheaper service to the consumer, 
and without the facilities of such a control they could exist only 
in the larger communities. Another very important advantage 
is the great problem of financing all these undertakings and pro- 
viding funds for extensions to meet the ever growing demand 
of the public for electric service. It is, possible, in providing 
ready financial facilities for these purposes that the holding 
company performs its most important function. 

In order to give the people the best service and the lowest 
rates all public utilities must of necessity be natural monopolies, 
and the public service regulation is a recognition by the state 
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of the essentially monopolistic character of these enterprises, 
The favorable showing of virtual monopolies in reducing the 
cost of clectric power 1s due mainly to a reduction in the capital 
expenses, lower operating costs and in no less degree to the re- 
duced risk to the investor. By effective safeguards and a well- 
considered policy of public control the clectric securities have 
become one of the most desirable investments, and there is every 
indication that efficient public service regulation will make pos- 
sible even further reductions in the cost of electric power pro- 
duction of public service utilities. 

The quantity and quality are the principal elements which 
determine the value of an electric power service, and while the 
quantity can readily be measured, there is no standard of quality. 
It is generally a very difficult matter to determine what under 
given conditions is good service, and whether the quality of 
the service that has been specified is actually rendered. An 
absolutely reliable service can of course be obtained, but at a 
very high cost which is justified in only very rare cases. In 
general, the more reliable the service is the more it must cost, 
due to the superior construction required and to the increased 
investment for emergency apparatus, etc. The question, there- 
fore, always arises, what degrce of reliabliity is justified under 
certain conditions and what is the real value of such service. 
It is evident that it varies very widely for different industries. 

The load factor has a very important bearing on the cost of 
producing electric power, and great efforts are now being made 
everywhere to improve it. The yearly load factor for any 
class of service is determined largely by seasons, the habits of 
the people, and similar conditions which do not change very 
materially. Improvements in the load factor must therefore 
be obtained by the addition of industrial loads, and by combin- 
ing different classes of service, the maximum demands of which 
occur at different times of the day or the year. Many central 
stations today sell far more energy for power than for light, 
and the Commonwealth Edison Company of Chicago is an 
admirable example of what can be accomplished. This company 
has a very large industrial power load and 1s today carrying a 
larger railway load than any other central station in the country, 
with the result that it is operating at the exceptionally high 
load factor of about 44 per cent. When the steam railroad 
terminals have becn electrificd, and if this load could be obtained, 
it is estimated that the load factor could be still further increased 
to about 50 per cent. 
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The tremendous up-swing of the electric power industry 
during the past decade is best realized by a reference to the 
recent census report for central electric light and power stations. 
In 1902 there were 3620 such stations with a total capacity of 
1,212,235 kw. and an output of 2,507,051,115 kw-hr. In 1912 
these valucs had increased to 5221 stations with a total capacity 
of 5,134,689 kw. and an output of 11,502,963,000 kw-hr. 

For the generation of this power the steam turbine and the 
water wheel stand foremost and it is an astonishing rate at 
which the size as well as the efficiency of these generating units 
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has increased of late. A 35,000-kw. steam turbine unit is 
now under construction and is the largest single unit turbine 
built up to the present, although there is every indication that 
the 50,000-kw. mark will be reached before very long. Hvdro- 
electric turbine units are now also built for capacities up to 
17,500 kw. and a large number of notable water power installa- 
tions have been recently completed or are under construction. 
Among these may be mentioned the 300,000-h.p. development 
of the Mississippi River Power Company at Keokuk, Iowa; 
the Big Creek developments of the Pacific Light and Power 
Company, California, and many others. 
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HORSE POWER OF PRIMARY POWER MACHINES. 
Central Stations. Manufacturing Industries. 
1902 1907 1912 1899 1904 1909 
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Steam Engines 
and Turbines | 1,394,395 | 2,693,273 | 4,946,532 | 8,139,579 | 10,825,348 | 14,202,137 
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Gas and Oil 
Engines...... 12,181 55,828 111,035 134,742 289,423 
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Water Wheels.. 438,472 | 1,349,087 | 2,471,081 | 1,454,112 | 1,647,871 


1,822,593 


For the transmission and distribution of electric energy the 
voltages continue to increase, this in turn presenting new prob- 


lems of design and construction. 


The important problem 


seems to be the fitting in of new developments embodying the 
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Efficiency and power obtained from two-runner turbine in 1906. 
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Efficiency and power from Holyoke test of modern high-speed runner. 
Efficiency and power possible from modern single-runner turbine, with runner 


as per curve No. 2 installed, same speed as No. 1. 


best of present-day designs, with parts of an existing system. 
Here the increase in size of generators, transformers and of 
generating stations and interconnected substations with their 
distributing lines, makes the transmission of electric power as 
interesting as it 1s complex. 
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A large number of high-voltage transmission systems have 
thus been extended so that they are really high-voltage dis- 
tributing systems, and the problem then presents itself as how 
to take off small amounts of power economically. The success 
attending the installation. of large outdoor substations has 
therefore also created a demand for a simple form of substation 
structure and equipment to enable the taking off of small 
amounts of power from high-tension lines. Such equipments 
must. necessarily be installed and maintained at a cost that 15 
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in keeping with the revenue that can be expected from the 
load which is to be taken off. 

Water power was used morc extensively than steam in the 
manufacturing industry prior to 1870. Since that time, how- 
ever, it has steadily declined, while the use of steam power in- 
creased, reaching a maximum of 78.2 per cent in 1900. There 
has since been a marked falling off in the percentage of directly 
applied steam power and this has been duc to rapid introduction 
of electric power. The increased use of the electric motor for 
driving industrial machinery has been phenomenal and this 
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is best illustrated by a reference to the census report. For 
example, for the period of 1899-1909, while the primary power 
increased about 80 per cent, the application of electric motors 
for manufacturing industries alone increased close to 900 per 
cent. For street railways the change has been суеп more marked 
in that the steam and animal power has been almost entirely 
superseded by the electric motor drive. The tendencies illus- 
trated by the above changes that have taken place in the method 
of utilizing electric power, apply in general to a large number 
of industrics. 

The advantages of using clectric power for mining operations 


PER CENT 


1904 
YEARS 
COMPARATIVE GROWTH OF POWER USED IN MANUFACTURING 


are now fully recognized and almost all new mines are being 
equipped for electric drive, and a very large number of old ones 
are changing over to this system. Not only does this reduce 
the cost of working, but it also offers a much safer and more 
reliable operation. The use of electricity eliminates the neces- 
sity for long lines of steam and air piping, which are expensive 
to install and maintain and with which the danger of break- 
down and the difficulty of obtaining the necessary working 
pressures increase with every extension of the service. For 
these conditions electricity substitutes a simple and thoroughly 
flexible system of transmitting power by means of conductors 
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which can be easily run and rapidly extended to meet the fre- 
quent changes which are involved in the progress of the develop- 
ment. The flexibility of motor drive renders possible the use 
of portable machinery, and additions to, or changes in the 
location of existing machines can easily be arranged for with- 
out interfering in any way with the operation of the remainder 
of the equipment. 

The superiority of the clectric mine locomotive 1s now gener- 
ally conceded, and is largely due to the fact that in addition to 
its high cfficiency, mechanical strength, reliability and sim- 
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plicity of control, it is the most compact form of tractor avail- 
able. This is of utmost importance for underground work, 
where the available working room is usually very limited. 

To hoisting, the electric motor affords an ideal method of 
application. The power is uniformly applied throughout the 
operating cycle as there is no reciprocating motion or inter- 
vening connection rods or cranks with their varying torque at 
different positions. The power demand is limited to the time 
during which the hoist 1s in actual operation, which minimizes 
the amount of power consumed, while on the other hand, it is 
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possible to provide flywheel sets for eliminating the peak loads 
and equalize the load. 

The above are only a few of the most important mine appli- 
cations and besides these, the electric power is very extensively 
used for pumping, ventilation, coal cutters, drills, crushers, etc. 

Electric steel refining furnaces and processes are now widely 
employed, and based on the number of furnaces in actual use, 
it may be said that the electric steel industry is now well es- 
tablished and of considerable importance. In this ficld the 
clectric furnace has three applications. First, for the produc- 
tion of higher grade tool stecls, etc. in competition with crucible 
steel; second, the refining of Bessemer or open-hearth steel for 
the production of large quantity products, like rails; and third, 
for the production of a higher grade of stcel for castings. Of 
these the last named is attracting considerable attention at the 
present, the advantages being that the higher temperature 
obtained by the electric method of heating yields a more fluid 
metal, and a better separation of the gaseous and other impuri- 
ties of the steel is thereby obtained. Considerable progress 
has also been made 1n the utilization of electric steel for high 
grade tools, while for the refining of Bessemer and open-hearth 
steel it has not been as rapid. 

The production of pig iron from iron ore in the electric re- 
duction furnace is still restricted and has only made progress 
in Sweden where high grade iron ores are plentiful and where 
due to the abundance of easily accessible water sites, electric 
power can be devcloped at a very low cost. 

Extensive experiments and research work are being carried 
on for the use of the electric furnace for non-ferrous metals. 
This problem has, however, not advanced far commercially, 
although it seems as if the electric zinc furnace is approaching 
its final solution. 

The clectric welding of metals is not a new process, but in 
the last few vears it has been successfully applied in the manu- 
facture of many products that have heretofore been made by 
other methods. | 

The application of electricity to iron and steel plants, while 
already reaching large proportions, is destined to grow con- 
tinuously. It began with such apparatus as cranes and pumps, 
where the dutv was similar to that which motors were already 
handling elsewhere. Then the adoption of the railway motor 
and finally the development of the splendidly substantial mill- 
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type motor brought all the auxiliary apparatus into line. Now 
the roll trains, lifting tables, shears, etc. are all taken care of 
electrically, and so satisfactorily that any other means will 
hardly be considered in a new mill. 

The advantages of electric motor drive in a steel mill are 
many. Besides the economy derived from the superior ef- 
ficiency of the electric motor over rolling mill engines, a great 
saving obviously is made in the centralization of all the power 
supply from a common gencrating station. The great overload 
capacity inherent in the electric motor, close and positive speed 
regulation, smooth and uniform torque, simplicity and reli- 
ability, are all factors of utmost importance in the selection of 
this system. In no other industry is absolute continuity of 
process such an impcrative consideration. The financial loss 
resulting from the temporary shutdown of the main rolls, for 
example, is estimated at from $400 to $1000 per hour, depend- 
ing upon the nature of the work involved. It is obvious that 
twenty-four hour service is of prime importance and that only 
the most efficient and absolutely dependable drive is permissible. 
It is for these reasons that the extensive application of electric 
power to stecl mill work has won this enviable reputation. 

The lumber industry, woodworking plants, pulp and paper 
mills, ete., offer a very promising ficld for electric power applica- 
tion. Experience has fully demonstrated that the electric 
drive very materially increases the quality and quantity of 
production. This is especially true for the paper mill in that 
ach machine can be operated and cach kind of paper finished 
at the correct speed. The factor of safety is greatly increased 
both to machinery and operators, while at the same time there 
is a marked reduction in the fire hazard, especially from open 
flames and hot boxes. 

The application of electrie motors to the driving of textile- 
mill machinery has been one of the most conspicuous industrial 
developments within the past twenty vears, but still the pro- 
portion of electrically driven textile mills is considerably. below 
what may fairly be anticipated within the next few years. While 
the textile industry of New England was developed before the 
period of electricity, the most unusual growth of the cotton- 
mill industry in North and South Carolina, where now by far 
the largest number of cotton mills will be found, has been due 
without question to the development of a large group of water 
powers, which exist on the Appalachian water-shed, and which 
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lay undeveloped until their power could be economically trans- 
mitted to profitable market centers. 'The Southern Power 
Company is the most conspicuous in this respect. "This system 
alone controls over 300,000 h.p., of which over onc-half is now 
developed and transmitted to various industrial enterprises. 
There are over 1300 miles of transmission lines, and power is 
supplied to over 150 cotton mills, few of which existed when 
the system was first put in operation. 

The enormous possibilities for a very extensive use of electric 
power in connection with farming and agricultural work are 
obvious when one considers that though agriculture produces 
about forty per cent of the total wealth of the United States, 
much less of its work is done bv electricity than in either manu- 
facturing or railroading, each of which represents only half as 
much wealth. If the twenty million horses and mules now 
used in farm work were displaced by mechanical power one 
hundred million acres of cultivated land would be released for 
human requirements, and it is safe to attribute the high cost 
of living to a very great extent to the very low efficiency of farm 
labor as compared to the higher efficiency in other industries 
whose rapid growth will continue to make even greater demands 
upon the farm productivity. The use of electricity on our 
farms is therefore sure to be greatly increased, and that this 
is becoming generally recognized by our central station inter- 
ests is clearly demonstrated by the extensive network of trans- 
mission and distributing circuits which are being built and ex- 
tended to cover the vast rural districts all over the country. 

The advantages of electric power for irrigation purposes have 
also been clearly demonstrated by the excellent work which 
has been done by the United States Reclamation Service. The 
Salt River project in Arizona, when completed, will irrigate no 
less than 270,000 acres of arid lands and the Minihaha project 
in Southern Idaho will be capable of furnishing irrigation for 
about 50,000 acres, while there are numerous other such under- 
takings in the West. 

The use of electricity for stimulating and increasing the crops 
has been given considerable study but the results so far obtained 
have not been of very great importance, although the future 
may bring forth new discoveries which may lead to commercial 
possibilities along these lines. 

Very closely connected with the farming industry is the 
fertilizer industry. Due to the permanent drain of nitrogen 
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from the soil the farmer must find sources from which it can 
be abundantly and readily obtained. Nature herself has 
furnished the greatest available sources, and various manu- 
facturing by-products have been found of value as fertilizers. 
The greatest of all nitrogen reservoirs—the atmosphere—al- 
though known always, has, however, only recently been made 
available through the efforts of man. "There are several com- 
mercial processes for the clectrical fixation of the atmospheric 
nitrogen, chief among which are those used by the vast indus- 
tries in Norway. These started about eight years ago and the 
industry is now well established in that country, about 300,000 
h.p. being utilized for this purpose. 

To cover all the different fields to which electric power has 
been and will in the future be extensively applied, is impossible. 
Besides the above mentioned industries there is every assur- 
ance that great progress will be made in the electrification of 
our trunk lines, in the handling of freight at railroad terminals, 
wharfs and docks, for the propulsion of vehicles and for various 
purposes in the automobile industry. Extensive use will also 
be made of electric power in marine and naval work, and its 
application and usefulness in connection with ship canals is, 
well illustrated by the Panama Canal, the operation of which 
will require over fifteen hundred electric motors. These will 
be most rcadily operated from centrally located stations, and 
by means of automatic features and interlocking devices a sim- 
plicity and reliability in the operation is obtained, that could 
not be equaled by any other system. 
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DISCUSSION ON “THE DIELECTRIC STRENGTH OF THIN IN- 
SULATING MATERIALS " (FARMER), NEW YORK, DECEMBER 
12, 1013. (SEE PROCEEDINGS FOR DECEMBER, 1913.) 
(Subject to final revision for the Transactions.) 

F. W. Peek, Jr: Three types of insulation are in general 
use—gaseous, liquid, and solid. The mechanism of break- 
down differs in many respects in the three types. Any in- 
sulation, under given conditions, ruptures at a given point 
when the dielectric flux density at that point exceeds some 
definite value. The total dielectric flux depends upon the ca- 
pacity and the electromotive force; that is, upon the size and spa- 
cing of conductors and the voltage between them. The flux 
density at various points will also be different, depending upon 
the configuration of electrode. The flux density at any point 
is proportional to the gradient at that point. The strength 
of insulation, therefore, may also be expressed in terms of the 
gradient measured at the point where rupture occurs. The volt- 
age required to rupture insulation, divided by its thickness, 
is not a measure of the insulation strength. It is the average 
gradient. The maximum gradient where rupture starts is 
much higher. For instance, take two pairs of spheres, one 
pair a half-centimeter in diameter, spaced one cm. apart, and 
the other pair two cm. in diameter, spaced one cm. apart. Apply 
a voltage of 100 kv. across pair No. 1. The gradient is maxi- 


mum at the surface and 1s by calculation са = 270 Ir . The 
average gradient LE iu LION On pair No. 2, 100 kilo- 
x ] cm. 
volts gives 
ты ө р ee n ss 
dx сш.” x cm 


Thus for the same voltage and spacing the actual stress is 
quite different, depending upon the curvature. 
If 20-cm. spheres are taken, under the above conditions 


de 


oom 103 and =. = 100. Thus with large radius the av- 


erage gradients and » are approximately equal. This is 


the reason that in any investigation (other than commercial 
testing) made to determine the strength of insulation, some 
electrode is taken in which the dielectric flux density and grad- 
ient at various points can be calculated—that 1s, spheres, paral- 
lel wires, or a wire in a cylinder. These may be arranged so 
that the break is local, as corona in air on two parallel wires 
at large spacings. The break starts at the surface because the 
flux density is a maximum there. The conducting corona ex- 
tends out approximately to a point where the flux density is 
below the breakdown density. Only when the surfaces are close 


820 INSULATING MATERIALS [Dec. 12 


together does a complete spark-over take place before corona 
forms. 

Let us now consider briefly the mechanism of breakdown of 
three types of insulation. 

Air. Air has a greater apparent strength around small con- 
ductors than large ones, as for instance, spheres or wires. The 
explanation apparently is that air has a constant strength of 


V. 
30 om, rupture, however, does not occur when this gradient 


is reached at the conductor surface, but only when this gradient 
is reached at a finite distance from the conductor and when 
the gradient at the surface is therefore higher. Energy is 
necessary to rupture insulation. The rupturing energy is stored 
in this space between the conductor surface where the gradient 
is high and a finite distance away where the gradient is 30 kv./cm. 
This distance may be called the energy storage distance, or it 
may be considered as the distance required to reach ionic sat- 
uration by successive collisions between the conductor surface 


kv. | . 
and where the gradient is 30 cuu the “ accelerating distance". 
cm. 


This distance is 0.301 Vr cm. for wires, and 0.27 VR cm. 
for spheres. If the conductors are placed closer together than 
the free energy storage or accelerating distance the apparent 
strength increases in order that sufficient energy may be stored 
in the limited space.! Although the real strength of air, or the 
gradient required to bring the ions up to sufficient. velocity to 
produce other ions by collision, 1s 30 kv. per cm. between paral- 
lel planes, with limited energy distance, that is, thin films, 


i _ kv. ; 
gradients as high as 250 «m ae required to cause rupture. 


There is very little loss in air until after rupture, as brush dis- 
charge or corona, occurs. For this reason air may be stressed 
to within a few per cent of breakdown voltage without loss and 
consequent heating and weakening. Air is uniform and homo- 
geneous and therefore free from “ weak spots". The curves 
given in Fig. 6 of Mr. Farmer's paper are, on account of the 
characteristics stated above, exactly what would be expected. 
The ordinate does not represent the dielectric strength, but 


e . ; 
m the average gradient of rupture. The dielectric strength 


de _ 
would be represented by dx Take for example the curve at 
x | 


1. This is fully discussed in the following papers by F. W. Peek, Jr.: 
The Law of Corona and the Dielectric Strength of Air-I, TRANs. АЛ.Е.Е. 
1911, Vol. XXX, Part III, p. 1889; The Law of Corona-II, TRANS. A.T. E.E. 
1912, Vol. XXXI, Part I, p. 1051; The Law of Corona-III, PROCEEDINGS 
A.LE.E., June, 1913, p. 1335; and “ High-Voltage Engineering," in the 
Journal of the Franklin Institute, December, 1913, (No. 1056) page 611. 
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210-mil spacing. Fig. 1 of this discussion gives curves plotted 
from data taken from The Law of Corona-III, for 0.508-cm. 


(200-mil) spacing between spheres. Plotted with =. this gives 


a curve exactly similar to Mr. Farmer's in Fig. 6. Plotted with 
de 
dx 

occurs, the curve increases with decreasing diameter of sphere, 


due to the varying energy distance with varying diameter of 
sphere. As the radius of the spheres increases the average 


‚ the actual gradient at the surface where breakdown 


{ е | de 
gradient curve E and the surface gradient curve dy соте to- 
x 


gether, because as the radius becomes large compared with the 
spacing the flux becomes more nearly uniform. 
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Oil. The mechanism of breakdown of pure oil is very similar 
to that of air and follows the same laws.? The constants are, 
however, different. The energy distance and therefore the 
apparent strength is much higher. With limited energy dis- 
tance strengths as high as a million volts per cm. have been 
reached with electrodes which gave an apparent strength of 


kv. Tw 
100 a when the energy distance was not limited. 


Solid Insulation. Like air and oil, solid insulations require 
energy to cause rupture and therefore have a greater apparent 
strength for small conductors and for small spacings or thin 
films. If the curves in Fig. 1 in Mr. Farmer’s paper were plotted 


d 
with the true gradient P where rupture starts, and not L£, 


a — ——M M ------- — —À— MÀ t. 


ы High-Voltage Engineering,” Franklin Institute Journal, loc. cit. 
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the gradient would increase with decreasing electrode and not 
show the maximum hump. The curve as plotted does not 
express the dielectric strength. If this curve were taken at a 


larger spacing and plotted with < the hump would occur at a 


larger size of clectrode. There are conditions where the hump, 
due to varying energy distance with radius, might actually 
occur when plotted with the actual gradient. This curve is 
also affected by the “ weak spots ", otherwise the curve would 
be parallel to the axis when the “ flat disks " are used. These 
disks have about equal curvature on the edge, and thus equal 


effect due to flux concentration. < may then 
15 

be used for comparing strength. This part 
of the curve practically follows the proba- 
bility curve. 

For example, suppose Fig. 2 herewith, 20 
represents a piece of solid insulation one mil 
thick and sufficiently large to cover every con- 
dition of ** weak spot”. Divide this into six 
cqual squares, cach of arca a. The strength 
is marked on the various arcas. Assume 
that an electrode giving no edge effect is Fic. 2 
used. With electrode of area a, six tests are 
required to go over the whole piece. With electrodes of area 
2a three tests are required, with area 3a two tests, and with 
area 6a only one test. The following results may be obtained: 


| | | | 


Volts per mil 


| Area of , No.of Тоба! area | ——— [S sx qƏ—- 

| electrode punctures | covered max. | min. | average 
| 

| а 6 ба 20 10 x 14 

| 2а | 3 6a | 18 10 13 | 

| 3a | 2 ба 12 10 | ll | 

| ба | 1 | 10 


The results are somewhat similar to the lower points of the 
curve in Mr. Farmer's paper. Ву the method described in 
the paper, however, the same number of punctures is taken for 
each size of electrode. Thus for the large electrodes much 
more insulation is tested than for the small electrodes, and 
the minimum should therefore be much lower for the large 
electrodes. In the example I have given, the number of tests 
is taken so that the total area covered is the same for all elec- 
trodes. "Thus where edge effect exists it would be more rational 
to make the circumference covered equal. 

With laminated insulation, as in cables, this effect of weak 
spots should not be so great, as they arc not likely to line up 
in the separate lavers. 
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The curves obtained are therefore probability curves modi- 
fied by flux distribution (because they are not plotted in terms 
of maximum flux density), and energy distance. 

While loss in air and pure oil is a phenomenon after break- 
down occurs, in solid insulation loss occurs as soon as voltage 
is applied. This heats the insulation and weakens it. It is 
for this reason generally impossible to hold more than 25 per 
cent of the ‘‘instantaneous " puncture voltage indefinitely. 
For instance, on a given insulation, if the voltage is brought 
up rapidly or “ instantaneously " 100 kv. may be required to 
cause rupture; 75 kv. may be applied for one minute before 
rupture occurs; 50 kv. may be applied for four minutes, and 
30 kv. indefinitely. Very high voltages of stecp wave front, 
or of exceedingly short duration, may be applied without ap- 
parent effect, but which, upon a number of applications, cause 
puncture. 

The mechanism of breakdown in solid insulation is quite 
complicated and greatly affected by occluded air and moisture. 
If a local breakdown occurs, local charring takes place. This 
concentrates the flux and the break is extended by steps in- 
definitely. Breakdown often occurs in this way by a concen- 
tration of the flux, independent of true dielectric strength, as 
the result of moisture, which places extra stress at local points. 

Although with flat plates the exact gradient cannot be cal- 
culated, they are sufficient for most practical purposes in com- 
mercial test. The radius of the plate and also of the edge should 
be specified. The test should also, probably, be made under oil. 
The method of applying voltage should be spccified, as well as 
material and weight of disk, and method of drying material, etc. 
A great deal depends upon radiation and heat conduction. 
After all, the “ instantaneous " breakdown tests, just discussed, 
are of little commerical use unless an endurance test is added— 
that is, as is generally done, by starting at a given percentage 
of the instantancous voltage and increasing by a given per- 
centage at given time intervals until puncture occurs. We will 
be greatly helped in commercial testing when means of measur- 
ing small energy losses are simplified and perfected. In this 
way the presence of moisture 1s quickly shown. 

Philips Thomas: Mr. Farmer’s paper brings out many 
points and adds one more link to the chain of evidence, showing 
the necessitv, when giving figures for dielectric strength, of in- 
cluding pretty exact information on the method used in making 
the tests. 

The results at which he has arrived agree in general with 
those found by the writer and bv others for electrode diameters 
up to din. (12.7 mm .). 

As stated in this paper, the law of probability docs not seem 
to apply below 1 in. (6.35 mm.) diameter of electrodes, and from 
the nature of the material tested it seems certain that the 
limiting size of clectrode which would always cover the weakest 


824] INSULATING MATERIALS [Dec. 12 


spot will occur long before 15 in. (38 cm.) is reached. Since 
the charging current through the dielectric at a given voltage 
varies inverselv as the dielectric thickness and varies directly 
as the electrode area, any distortion due to this current will 
react directly on the values found. 

In testing various sizes of condensers for breakdown strength, 
we use an outfit very similar to that described in this paper 
and have found it necessary to parallel the tested condenser 
with one of much larger capacity so that the distortion and 
regulation at a given voltage will not depend upon the capacity 
of the piece being tested. We have been forced also to measure 
the breakdown voltage directly at the electrodes, in order to 
reach comparative results. 

The paper states that the voltage reading was checked at 
intervals by connecting an electrostatic voltmeter directly 
across the high-tension terminals. Such a check will detect any 
capacity regulation if made while the test piece is connected, 
but wil not give any information as to distortion. This dis- 
tortion and regulation will be different for each area and thick- 
ness tested and is certain to give misleading results, unless 
either its presence or its effect 1s eliminated in some way. 

R. P. Jackson: This paper bv Mr. Farmer gives some data 
that arc in a way quite surprising and show strongly the import- 
ance of having standardized methods of testing insulation ma- 
terials. 

In general, it 1s mv opinion that the lower valued results ob- 
tained by Mr. Farmer come nearer the truth in the form in 
which it 1s desirable to know 1t, for the rcason that the large area 
electrodes more nearly duplicate the conditions under which 
insulation operates and is subject to stress. For that reason 
the lower valued results obtained with the large area disks ap- 
parently give a better guide for the use of the material, and at 
least as good a guide as to the quality of various grades of similar 
material. 

Different explanations can be offered as to why the results 
vary so much with the different sizes of electrodes, and the time 
not being sufficient to duplicate any of the tests, one cannot more 
than conjecture as to the actual cause of the variation. Varying 
sizes of clectrodes with very thin insulation will, of course, vary 
the static capacitv of the test, and if the supply transformer 1s 
small, may cause a rise of voltage at least when the supplied 
voltage is near its maximum value and the insulation under great- 
est stress. The condition of capacity and corona or static fringe 
around the electrodes 15 liable to cause surges and oscillations 
which would tend to produce puncture at lower apparent values. 
Thin air pockets between the electrodes and the insulating 
material also become sources of corona and therefore heat 
which might vary with the size of electrodes, especially if the 
insulating material and the electrodes were not exact plane 
surfaces and sufficient pressure were not brought to bear to bring 
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the two surfaces into contact. Another source of variation has 
been betrayed by similar tests in which thin material failed when 
the electrodes were of tinfoil of considerable area, and failed at a 
much lower value than when the electrodes were of small area 
and of brass pieces of considerable mass. Such tests, however, 
were of some little duration and the difference in such a case was 
probably due to the fact that with the tinfoil the heat from 
insulation losses was not absorbed and the temperature of the 
insulation rose with corresponding increase of loss until failure 
occurred. In the case where the massive brass electrodes of small 
area were used on the same insulation, the mass of the brass and 
its radiation surface were sufficient to absorb the watt loss in the 
insulation and kept the temperature moderate and prevented 
the insulation reaching the unstable condition where the watt loss 
increased the temperature, and the rising temperature increased 
the watt loss indefinitely to failure without increase of voltage. - 

It is the writer's experience that instantaneous puncture 
voltage tests or tests of very short duration are of rather limited 
value in furnishing data for judging the use to which the insula- 
tion can be put, and only a test lasting long enough to give the 
approximate ultimate breakdown value with long continued 
application of the voltage will give the information desired. 

C. E. Skinner: As I began insulation work rather early in the 
art, I think it might not be out of place to review very briefly 
some of the steps which have been taken in that work. The 
regular testing of dielectrics and the dielectric tests of apparatus 
began, with the company with which I am connected, early in the 
year 1890. At that time we had little or no information to guide 
us, either as to what dielectric stress meant or anything concerning 
the effect of the shape of terminals, and 10,000 volts was an almost 
unheard-of voltage to work with. During the five years that 
followed, the dielectric testing of materials covered practically 
every known material and many that probably should have been 
unknown, and tests of many things that proved not to be di- 
electrics. 

During that early period I think the insulation engineer was 
one of the most disliked and maligned individuals in the whole 
engineering profession. The designer calculated to a nicety the : 
coppér and the iron, and space used for insulation he considered 
lost. Furthermore, the more insulation put on, the hotter the 
machine would get, because the insulating material was also 
heat insulating material. It was, therefore a constant struggle 
between the insulation man and those responsible for the rest of 
the design. 

In spite of the more than twenty years of work that has been 
regularly done since dielectric testing came into vogue as a regular 
test in practically all large manufacturing establishments, the 
present state of the art 1s most chaotic. 

I hope that this paper will culminate in a better set of testing 
specifications. We have heard in the last two days in our 
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committee meetings a good deal about coöperation. The 
American Society for Testing Materials has a committee whose 
dutv it is supposed to be to formulate specifications for testing 
insulating materials. [t appears to me that it is more the 
function of that Society to formulate a detail specification as to 
methods of testing than it is of this Institute, but that Society 
cannot do this work without the co-operation of the Institute 
and it is probably the function of the Institute to formulate 
somcthing as to the electrical end of this work, I hope that this 
сап be done. I know that a certain amount of work has been 
done in trving to arrive at a test which will give what we might 
call the endurance of insulation, which is reallv the thing that we 
want to know when we design our apparatus. I agree with 
Mr. Jackson and others that the instantaneous valuc is of com- 
paratively little worth in design work. I learned very early to 
use a very large factor of ignorance in applying the results of my 
instantaneous values, because I found for example, that when 
thin sheets of insulating material went into a dynamo, and passed 
through manufacturing. steps, the dvnamo, as a whole, 
would have nothing to compare in diclectric strength with the 
values per mil which might be obtained on the thin sheets. 
There are many reasons for this lower value outside of the 
strength of the material itself; the workmen in the shop may con- 
tribute something to lowering the dielectric strength of the 
materials given them to put on the machine. 

I feel that the conclusions arrived at in the paper might 
possibly be subject to some modification if the tests were made 
under different circumstances, such as a change in the testing 
transformer, a change in the method of applving the voltage, a 
change in the pressure, etc. 

I think it would hardly be right in this meeting not to mention 
the classical work on dielectrics done by Rayner in the National 
Phvsical Laboratory. That work followed and completed, for 
thin materials, a mere start which was made a number of vears 
ago by Mr. Miles Walker and myself, and published in the Insti- 
tute TRANSACTIONS? for the vear 1902. Mr. Ravnercarried it toa 
great length, and by measuring the dielectric losses was able to 
predict when his insulating material was going to break down. 

I feel that the future work along this line will have more to do 
with the studv of the power factor, and the studv of the dielectric 
losses, and the studv cf the endurance of the insulation under 
continued stress, and I hope that before another vear the Insti- 
tute may be able to adopt the electrical end of a scheme for the 
endurance test, and possibly for the loss test of insulating 
materials. I think this paper will do much to bring to us the 
importance of a standardization of methods, and in such stand- 
ardization we must necessarily pav attention to every detail in 
order to arrive at results which would be in any way comparative 
when made in different laboratorics and when made with 
different materials prepared under different conditions. 


3. Vol. XIX, page 1047 
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H. W. Fisher: When we first commenced to use varnished 
cloth as an insulation for cables, it was necessary to design an 
apparatus by means of which we could determine the insula- 
tion resistance, the electrostatic capacitv, power factor or di- 
electric loss and dielectric strength of different kinds of cloth. 
In order to accomplish this, the following apparatus was de- 
signed. 

Two circular disks were made with a circular groove in each, 
the inside diameter of this groove being one foot (30.5 cm.). 
Into these grooves were fitted high-grade rubber gaskets, the 
ends of each of which almost came together at the top. One 
disk was mounted rigidly in a vertical position; the other disk 
was provided with insulators and on an auxiliary frame were 
four horizontal screws, the ends of which were inserted into 
insulated posts on diamctrically opposite parts of the movable 
disk. By means of these screws the movable disk could be 
tightly clamped against the fixed disk so that the rubber gas- 
kets of each would be directly opposite each other. The 
varnished cloth to be tested was placed between the disks, 
and pressure applied so as to make a tight joint between the 
rubber gaskets and the varnished cloth. Attached to the 
stand of the apparatus was an iron box containing mercury 
and from the box there were two rubber tubes which connected 
with a suitable valve at the bottom of each disk. Ву opening 
the valves and raising the mercury box, mercury was allowed 
to flow on each side of the varnished cloth until it reached the 
small aperture at the top of the rubber disks. "Then the valves 
were closed, the mercury box was lowered to its normal posi- 
tion on the base of the apparatus and the rubber tube attached 
to the insulated disk was removed, after which the tests men- 
‘tioned above were made, ending with the breakdown voltage 
test. 

By means of this apparatus, samples of varnished cloth of 
different manufacture were tested and the power factors were 
found to varv approximatelv from four or five per cent to twonty 
per cent. By making various tests and profiting thereby, the 
quality of the varnished cloth was very much improved. 

It was next necessary to design another type of apparatus 
for testing cloth in strip form, the way it occurs mostly in the 
trade. In order to be able to test narrow strips without flash- 
overs around the edges of the strips, the following plan was 
devised. А strip of brass about i in. (6.35 mm.) wide was 
placed on a wooden board so that one or two thicknesses of 
varnished cloth could be put underneath the brass. The brass 
strip formed the lower electrode of the apparatus. The upper 
electrode consisted of a copper strip about } in. (3.2 mm.) 
wide, mounted on insulated arms so that it could be swung to 
one side when not in use. The general plan is to put vaseline 
over the varnished cloth which is placed underneath the lower 
electrode so that the narrow strip of varnished cloth to be tested 


828 ° INSULATING MATERIALS - [Dec. 12 


can be placed centrally over the lower electrode and parallel 
with it and the edges of the cloth pressed firmly into the coat- 
ing of vaseline, after which the upper electrode is turned over 
so as to drop in position above the lower electrode. In this 
way, puncture tests of varnished cloth can be made without 
any danger of flash-overs around the edges of the strip of cloth 
tested. 

In the testing of cloth with electrodes of different lengths 
or diamcters, care must be taken to proportion the number of 
tests made to the areas tested. In other words, if a test 15 
made to determine the relation between tests with disks 1 in. 
(25.4 mm.) in diameter and with disks 20 in. (508 mm.) in 
diameter, 400 tests should be made with the l-in. diameter 
disk, to one test of the 20-in. disk, and the minimum of the 
400 tests taken as the tests which ought to correspond to the 
one test on the 20-in. disk. Bearing this in mind, we made a 
number of tests which do not show at all the difference indicated 
by Mr. Farmer’s figures. I think that he did not make enough 
tests of the larger electrodes to get a fair comparison. In 
order to make a check with a view to determining if the above 
theory was not correct, we took a roll of cloth and made forty 
tests consisting of five groups of eight, with electrodes 1 in. 
(25.4 mm.) long, and then got the average of the minima oí 
these. Next we took the average of ten tests made with elec- 
trodes 8 in. (203 mm.) long, and the two sets of measurements 
agreed within two per cent. 

For the same reason just explained, a short length of cable 
will almost always withstand a higher voltage test than a long 
length of the same cable. 

The old Underwriters’ rule was to apply a test of 3000 volts 
per 1/64 in. (0.397 mm.) of insulation on a one-foot (30.5-cm.). 
sample. Wire insulated with almost any kind of rubber would 
withstand that test on a one-foot sample, whereas a coil of wire 
would break down under the test of 3000 volts per 1/64 in. 

M. E. Tressler: Last January when making some verv 
similar tests on yellow varnished cloth I obtained practically 
the same shaped curves as Mr. Farmer has with various sizes 
of electrodes from 1 mm. to 100 mm. in diameter with ap- 
proximately square edges. 

A curve showing this variation in disruptive інге with 
diameter of electrode for 10 layers of yellow varnished cloth 
tested under oil at approximately 25 deg. cent. was published 
last winterf. At the same time tests were made on various 
numbers of layers from 1 to 20 and with electrodes whose 
edges were rounded to different radii from 0 to 10 mm. 

My results do not show such a decided difference between 
the disruptive voltages with small and large electrodes as do 
Mr. Farmer's The maximum disruptive voltage was 1100 
volis per mil with a 5-mm. electrode and 810 volts per mil 
with the 100-mm. electrode. 


4. General Electric Review March, 1913— Tressler. 
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This total decrease is about 26 per cent, of which about 
20 per cent took place between the 5-mm. and the 20-mm. 
electrodes, indicating that tests on thin insulating materials 
could be made with any convenient size of electrodes from 
25 to 100 mm. in diameter and practically the same results 
would be obtained with a given material. 

With greater thicknesses of insulation up to 240 mils, the 
variation of disruptive voltage with the size of terminal de- 
creases, until at 240 mils there is no difference between the dis- 
ruptive voltage with 5-mm. and 100-mm. electrodes. How- 
ever, all of these tests were made by increasing the voltage 
steadily until breakdown occurred, .i.e, the voltage was on from 
6 to 12 seconds for Mr. Farmer's tests and from 4 to 8 seconds 
for mine. This is not a sufficient length of time to allow the 
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insulation to be affected by the heat from the energy loss due 
to the alternating potential. 

It would be a much better indication of the disruptive volt- 
age of an insulation under working conditions, if “ one-minute ” 
tests were made, i.e., use 50 per cent of the “ instantaneous ” 
disruptive voltage as a start for the “ one-minute ” test and 
increase by 10 per cent steps each minute thereafter until 
breakdown occurs. 

In general the “ one-minute " test will give lower disruptive 
voltage than the instantaneous test. Sometimes the disrup- 
tive voltage increases with increase of temperature and hence 
we would expect that the “ one-minute " test would be equal 
to or higher than the '' instantaneous " test. 

If we use the “ one-minute " test in finding the effect of 
terminals of different sizes we will see there is much less dif- 
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ference between the disruptive voltage with 1-mm. terminals 
and 100-mm. terminals for any thickness of insulation. 

I agree with Mr. Farmer that we are very much in need 
of standard specifications for the testing of insulating materials, 
and would recommend, briefly, the following: 

1. “ One-hour " tests where possible, the ''one-minute ”’ 
puncture voltage being used to indicate the starting voltage 
for the “ hour " test. 

2. For testing solid insulations: flat disk electrodes 10 cm. 
in diameter with practically square edges and insulated on 
the sides to prevent corona and arcing. 

For testing liquid insulations: flat disk electrodes 25 mm. 
in diameter with practically square edges and spaced with faces 
parallel and 2.5 mm. apart. 

3. All tests of solid insulation should be made under oil 
when possible and with a pressure of 100 g. per sq. cm. applied 
by the terminal to the insulation. 

4. Two temperatures of test should be considered standard; 
one at 25 deg. cent. and the other at the highest “ hot spot ” 
temperature allowed on the given insulation to be tested. 

5. The insulation for test should be 2.5 mm. thick or as 
near thereto as possible. 

With these tests complete on a given insulation we would 
be able to judge very closely whether the insulation in question 
was suitable for the place and work required of it. 

A better indication of the value of an insulation for high or 
moderate voltages would be to measure the thermal conduc- 
tivity at different temperatures and the energy loss at various 
voltages and temperatures. 

Then if the insulation had a large energv loss and low thermal 
conductivity we would know that it would not be of much use 
as a high-voltage insulation, whereas if the energv loss were 
small and the thermal conductivity high we could be sure of 
a very good insulation, so far as electrical properties are con- 
cerned. 

Of course we must consider the kind of insulation being used, 
whether organic or inorganic, how treated and at what maxi- 
mum temperature it could be run continuously. 

In reply to one point brought up by Mr. Thomas, the distortion 
of the voltage wave across the insulation, I would sav that 
several years ago when testing a piece of insulation of com- 
paratively high permittivity between 25-cm. disk terminals at 
50,000 volts, Mr. A. B. Hendricks took an oscillogram of the 
current wave in the insulation and found it to be practically a 
sine wave. If there had been any appreciable harmonics in 
the high-potential voltage wave they would have been magnified 
by the capacity, in the current wave; hence we mav readily 
assume that, since the current was a sine wave, the voltage also 
was a sine wave. 

E. B. Rosa: I would like to emphasize what has been em- 
phasized already by several of the speakers, and that is the 
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advantage of having something like standard methods for 
making insulation tests, and also the advantage of making 
energy measurements in addition to the breakdown measure- 
ments. The measurement of the power factor of the cur- 
rent flowing through such a dielectric reveals wonderful 
differences, much greater than one would expect. А plate 
of mica will have a very small power factor, its angle corres- 
ponding to the power factor being as small as one minute of 
arc. That is, the angle by which the current differs from a 
90-deg. advance of the e.m.f. is as small as a minute of arc, or 
smaller. As Mr. Fisher says, in some materials it may be 20 
deg., may range anywhere from a minute, or less, to many 
degrees, so that the heating effect and the energy expended 
may vary through a range of a thousand to one, and, naturally, 
if the heating effect 1s large, the dielectric strength will sooner 
or later be very much affected. 

The work of Dr. C. Kingbrunner, at the Technological School 
at Manchester, about eight years ago, was very carefully done, 
and is quite an extended piece of investigation. He stated 
that he found the values of the dielectric strength to vary with 
the pressure, and as the pressure was decreased gradually, it 
finally became constant. He gives a curve showing the re- 
lation between the pressure and the measured dielectric strength, 
using a pressure of 500 g. per sq. cm., beyond which the value 
was constant. He also stated that electrodes of greater dia- 
rneters than two cm. vary appreciably. He used a diameter 
Of four cm. in order to be sure to have them large enough. These 
results are different from those cited in the paper, and illustrate 
the need of taking account of previous work and also of having 
all the work that has been apparently carefully done, and has 
been published, reviewed by some co-ordinating agency in 
order that the best results may be reduced for all this work. 

I was very much interested in what Mr. Skinner said about 
cooperation in solving such a difficult problem, or, at least, . 
making progress with such an important and difficult problem 
as this, and as he is so thoroughly convinced of the need of it, 
it is encouraging, because he is in a fortunate position to bring 
about such coóperation, as chairman of the committee of the 
American Society for Testing Materials. 

Clayton H. Sharp: The facts in Mr. Farmer's paper, and these 
other data that have been presented tonight, show more than 
anything else the elusive character of the problem of testing 
insulation. Itis a case of “ now you get it " and “© now you don't 
get it ", and just why these curious effects occur is, of course, 
a matter of very great importance. I do not think that the 
phenomena which occur are quite so easily explained as one of 
the speakers tonight would have us believe. Mr. Farmer's 
results alone show that the matter is more complicated. The 
question of averages undoubtedly enters, but there is something 
more than that to it. 
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Here we have one of the most important elements which 
enters into the construction of all electrical machinery and ap- 
paratus, and it is quite evident that we are unfamiliar with a 
good many of the fundamental and underlying attributes of 
this material. It is, therefore, very necessry that further re- 
searches of the character of these which Mr. Farmer has made, 
and of more extensive scope, should be carried on. [n the mean- 
time, for the purpose of the practical testing of apparatus, it is 
of very great importance that some standard specification should 
be prepared and should be followed. 

John B. Taylor: We have here a paper dealing with stresses 
in insulating mediums, without formulas or mathematical 
symbols, and yet perhaps of more practical application than 
some of the papers in the last few years on corona and the dis- 
tribution of stresses around points, spheres, and other shapes. 
The curves and results discussed in the paper are quite different 
from those the theories would seem to lead to. As the paper 
offers no explanation of these results, it is to be regretted that it 
is not more complete in a few respects so that the conclusions 
can be either accepted or doubted for good reason. 

There seem to be three factors which may account for the lower 
breakdown strength per mil as the size of the surface covered is 
increased. In the first place, if the testing transformer is small, 
the increase in capacity would tend to raise the voltage on the 
test specimen without raising it by the same amount on the low- 
tension voltmeter. Second, as previously brought out, when 
dealing with a larger sample, by the law of chances we ought to 
find some weak spots. Third, with the larger sample there is 
less chance for the radiation of heat. Since all three of these 
factors work in the same direction, a combination of them may 
account for the results given. 

Mr. Tressler has given some information which corroborates, 
although not to the same degree, the general character of the 
results. My own first impression was that the heating was the 
most likely factor, but this impression does not hold after sceing 
that the voltage has been brought up at the rate of 1000 or 1200 
volts per second, and as the specimens are only 10 or 12 mils 
thick, the whole test is over in eight or ten seconds. That 
leads me to ask how it is possible to establish the figures of volts 
per mil to some four or five parts in a thousand, when the voltage 
16 changing so rapidly. 

Also, I would like to ask if the failures in general occur at the 
edge of the different disks, or whether they are just as likely to 
occur in the middle. 

It would seem desirable to give, in tabulations like these, the 
average deviation of the results from the mean result. The 
maximum and mean are given, but the average deviation gives 
a better idea of the concordance of the observations. 

I have a suggestion to make. Many tests of this sort might be 
made with direct current, which would eliminate some of the 
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uncertain factors when dealing with alternating current. The 
heating factor would be eliminated, and also the question of 
voltage ratio and capacity factor. 

А. E. Kennelly: The subject matter of the paper appears | 
upon its face to be very simple. We have here flat electrodes, 
and except when the electrodes are very small—half a centimeter 
or less in diameter, we can hardly avoid the conclusion that the 
stress which ought to be imposed in a uniform dielectric be- 
tween such flat electrodes is substantially uniform over the 
entire surface, and we also all believe, I think, that uniform 
homogeneous material breaks down electrically at the same 
electrostatic flux density, which means when the maximum local 
gradient of potential attains one and the same breakdown value. 

Starting from this premise, where we would naturally suppose 
that for the same thickness of material, like varnished cambric 
' the breakdown stress should be the same for different sizes of the 
different diameter of electrodes, from 0.5 cm. to 10 cm., or more, 
the values given in the paper show that they are not the same. 
How are we to reconcile these inconsistencies? 

If we assume that there 1s air pocketed in thin films somewhere, 
then we have the three dielectrics, air film, varnish film, and the 
cambric, and these three layers are capable of being associated 
in various thicknesses which might give rise to variations of 
clectric flux-density and gradient. 

It has been pointed out by several of the speakers that one 
of the conditions involved is the relative chance of including 
weak spots; but, as has been pointed out by the author of the 
paper, i£ that were the case, we should certainly expect what 
may be called the probable error to be much greater for the 
little electrodes than for the big electrodes, and if the probable 
error were greater, the difference between the maximum and min- 
imum voltages of the ten samples would certainly differ very 
materially, whereas actually, an inspection of the tests indicates 
that substantially there is the same difference between maximum 
and minimum voltages in the ten tests on each particular size 
of electrode. We cannot find an explanation here in the dif- 
ferent probabilities of including weak spots. 

Since this remarkable variation of dielectric strength with 
electrode diameter does not seem to be explained satisfactorily, 
it becomes the more important to standardize the dimensions 
of test electrodes until the matter has been cleared up. 

H. M. Hobart: The subject which is uppermost in my mind 
at the present time 15 the need of establishing some relation be- 
tween the rate of aging of insulating material and the temperature 
to which it is subjected. From experience with apparatus in 
service, we have a good idea of this relation up to a little over 
100 deg. cent., but we want to consider how far we can go in the 
direction of higher temperatures with conservatism. As for 
the range between 110 deg. cont. and 200 deg. cent., the data at 
our disposal are very meager indeed. The meagerness of our 


834 INSULATING MATERIALS [Dec. 12 


data rclating to aging is rather discouraging. One cannot 
afford to wait several years for the results of aging tests before 
employing attractive methods of insulating machines. Never- 
theless, the sooner we embark upon elaborate aging tests the 
sooner we shall have the results commercially available. If a 
certain material ages imperceptibly at 100 deg. cent., it may age 
with decided rapidity at 200 deg. cent. If we were to maintain 
a number of samples at a temperature of 200 deg. cent. the results 
obtained in a week or a month might be very instructive. We 
could bake one set of samples at 180 deg., another at 160 deg., 
another at 140 deg., and another at 120 deg., and take out 
samples periodically from the ovens. From the results we should 
be able to establish a curve for that particular insulating material 
which would give a clue to what we could do with that material 
in insulating commercial machines. When used in the construc- 
tion of slot insulation, it might not conform closely to the results 
which would be obtained by samples tested in the laboratory, 
but the results would, nevertheless, be indicative. 

There is a matter of considerable importance to which I should 
like to allude. In a paper recently read before the Institution 
of Electrical Engineers of Great Britain by Mr. S. Eversched, 
a very interesting footnote appears in which the author states: 
“ The flash test as applied to some costly piece of electrical 
apparatus must have been inspired originally by something akin 
to the heroism of the savage." Ever since the time to which 
Mr. Skinner alludes we have been making tests on electrical ma- 
chinery not very unlike flash tests. Such tests are still made 
and are jeopardizing the subsequent life of the machines. Тһе 
machine may survive the test, so far as we can perceive, but we 
do not know that we have not caused some serious damage to 
the machine which will make it of less service during its working 
life. 

W. I. Middleton: . In the breakdown tests of cambric cloth 
insulation, I have used 12-in. (30.48-cm.) electrodes rather 
than smaller ones, believing the results would be nearer the 
average breakdown value of the cloth. 

My experience with the large and small electrodes has been 
very similar to that of Mr. Farmer. Between the large and 
small electrodes, 12-in. (30.48-cm.) and l-in. (2.54-cm.), I have 
found an average difference of about 50 per cent increase with 
the smaller ones. Other investigators have found similar re- 
sults when investigating along other lines. Mr. Fisher savs 
the short length of cable will stand more voltage than the long 
length, and my own experiences with the short samples of cables 
have proved this to be so. Experiments with corona on bare 
wires have shown that the corona starts at a lower voltage on 
long lengths than on shorter ones. There is evidently some 
fundamental law underlving all of these results, although the 
experiments have been along lines so very different. 

In regard to the probability law, we have experimented with 
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different insulating materials, trying to find one that would 
give consistent results, and have found none that was as good 
as air, the oil breakdowns being very irregular. The break- 
down of air about the wire, as regards long and short lengths, 
is so similar to that of other insulations that it would appear 
to eliminate the law of probability, as we can hardly say that 
there are weak places in the air. 

The chances of wave distortion with any samples of cambric, 
even as large as 1 sq. ft. (0.0929 sq. m.), seem to be very slight, 
as the charging current would be very small; this is quite pos- 
sible where the charging current is considerable, as with long 
lengths of cables. 

The instantaneous breakdown has many advantages in this 
class of work, if properly applied, as it allows a great many 
samples to be handled in a short time and eliminates the heat- 
ing effect, which is one of the most difficult elements to analyze 
in work of this kind. | 

I believe we should have a standard size oÍ electrode for this 
class of work so that the results of tests made by different 
Investigators may be more readily compared, having this large 
element of doubt as to size of electrode removed. 

F. M. Farmer: As to the matter of weak spots—the weak 
point theory seems to stick with a good many, even though 
Dr. Kennelly has pretty well covered it. This was pretty 
thoroughly discussed in the paper. Suffice it to say that it 
is not at all to be expected that the curves, each point on which 
is made up of ten tests, would all be smooth and all follow the 
same general shape. Furthermore, the shape is similar to that 
obtained for oil where there is no question of weak spots. 

The possible effect of distortion with the large electrodes 
has been mentioned. We went into the matter pretty care- 
fully, and could find absolutely no distortion of the wave with 
specimens up to 15 in. (38 cm.) in diameter and potentials up | 
to 15,000 or 16,000 volts. A 10-kv-a. transformer was used. 

As to the matter of heating, I do not think there can be very 
much in that as an explanation of these results, because the 
tests were of such short duration—only a few seconds. From 
a commercial standpoint the heating should undoubtedly be 
taken into account. If we want to get at the dielectric strength 
of the material under operating conditions undoubtedly the tem- 
perature has got to be taken into consideration, as also have pres- 
sure, and various other things. The point of this paper was simply 
to call attention to one of the variables and how much it does 
vary. Each of us is in the habit of making these tests along 
certain lines, and each has established his own standard elec- 
trodes, but it is well to know at least in a general way. what 
the effect of using other electrodes might have been. It was 
also hoped to show the desirability of standardizing one size, 
for one size is as good as another because the results are quite 
empirical,—each designer must apply his own factor of safety. 
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We have standardized specimens for testing steel but the de- 
signer does not think of using the steel in his structure up to 
the values given in the test. He allows a factor of safety 
according to the conditions. 

Specifications for insulating cloth should be prepared with 
a view to enabling us not only to make the tests quickly and 
cheaply on small samples, but so that everybody will under- 
stand what they mean. Then let each individual apply his 
own factor of safety to suit his own conditions. 

Mr. Tavlor evidently wanted some more theoretical ex- 
planations. There is ample opportunity for those so inclined 
to make theoretical speculations. I have been unable to 
formulate a satisfactory explanation and that is why none is 
offered in the paper. Mr. Peek seems to think the matter 
very simple, but I do not think so. I do not see how the the- 
orv which he advances with respect to cylindrical and spher- 
ical electrodes can be applied to flat disks, where the distri- 
bution of the flux is very different. 

Mr. Taylor apparently has concluded that the potential 
was measured to five volts and very properly questions such 
refinement. These figures in the paper are not single measure- 
ments, however, but 1n each case the average of 10 measure- 
ments rounded off to the nearest five. 

Mr. Taylor asks if punctures appeared near the edges of the 
electrodes more frequently than elsewhere. The punctures 
were pretty fairly distributed over the entire surface, which 
I think is accounted for by the rounded corners. 

J. W. Milnor (communicated after adjournment):: There has 
been considerable speculation concerning the causes of the phe- 
nomena observed by Mr. Farmer, and in view of this an analysis 
based on the theory of probability should be of interest. 

Let it at first be assumed that the electric field between the 
clectrodes is uniform, the increased flux density near the edges 
being ignored. The total area of the insulating material under 
test may be considered to be made up of a large number of ele- 
mental areas dA having an average dielectric strength Es, this 
value being very high. Their diclectric strength should vary 
according to the well-known law of error. That is, the probabil- 
ity curve of dielectric strength of an element of area is 


h - № (Ea - EM (1) 


P= — 
V. 


in which h is a constant. If the area of one of the testing elec- 


I A : 
trodes is A, we have dA elements of area included between the 
electrodes, and the whole dielectric will fail at the weakest 
element of arca. To estimate this dielectric will fail at the weak- 
est element of area. То estimate this dielectric strength, let 
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the area under the curve given by equation (1) be divided into 


d equal parts. Then the dielectric will most probably fail 
at the voltage represented by the center of the lowest section. 
This is near the boundary of the lowest section if the area is 


divided into 24. equal parts. 

The area under the probability curve included between the 
ordinate (Е, — E) and the ordinate at negative infinity is given 
by the series 


є" (Ea - Е) қ 1 
aca mh(E— EL  2HM(E,- E) 
1.3 
+ 4 ht (E, — E)* -...], (2) 


and since the total area under the curve is unity, each member of 


equation (2) is equal to 2. Therefore 


2A ` 
A = ME h (E, E). dA + Eee 2 Ea E снр 
[za Su: _ БК (8) 
2 k? (Е, — Е)? 45* (E, — Ey 


Now if dA is decreased indefinitely, E; becomes very large, so 
that E is small in comparison, and # becomes very small. Inthe 
limiting case, with dA infinitely small, equation (3) becomes 
much simplified, and the result is of the form 


А -Сұе-ОЕ | (4) 
Solving for E, 
Лек assu uii cce 
= E ор, C3 — С, OB. = C; — C210£g1o A, (B) 


іп which Ci, Co, Сз, and C, are constants. 

Equation (5) shows that the dielectric strength of thin insula- 
ting material should vary as a simple logarithmic function of the 
area of the testing electrodes when conditions are such that the 
effects of the edges of the electrodes are small. It is evident 
from equation (D) that if n separate tests of a given dielec- 
tric are made, using the same set of electrodes the difference be- 
tween the average result and minimum result of the n tests 
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is most probably equal to C$ logie n, this value being inde- 
pendent of the area of theelectrode. It may also be shown that 
when n is large the average deviation of the ‘individual results 
from their mean is approximately 0.43 Cz, no matter what the 
arca of the testing electrodes. 

The increased electric flux density which occurs near the edges 
of the electrodes causes the observed dielectric strength to be 
generally less than called for by equation (D), and this dis- 
crepancy is larger, the smaller the area of the electrodes, or the 
greater the thickness of the material under test. This is evident 
when it is considered that either decreasing the arca of the elec- 
trodes or increasing the thickness of the dielectric increases the 
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ratio of the maximum stress to the average stress, and also 
increases the proportion of the total area that 1s subjected to this 
maximum stress. When testing a single thickness of varnished 
cambric, relatively few of the failures occur near the edges of the 
clectrodes; but when testing five or ten layers simultaneously, 
it will usually be found that a large proportion of the failures 
occur near the edges. 

In order to illustrate the application of equation (5), the data 
given bv Mr. Farmer for the dielectric strength of varnished 
cambric have been replotted (Fig. 4 herewith), and in the same 
figure has been drawn the curve 


FE = 004 ES 156 lov 10 A Д (6) 
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the area being in square inches. The constants of this equation 
were determined by trial. The curve agrees very closely with 
the observed data when the diameter of the electrodes is 1/16 in. 
(1.588 mm.), or greater. When the diameter is less than 1/16 in. 
the effect of the edges predominates. The difference between the 
average and the minimum results of the tests with a given 
electrode should be 156 logy n, being the number of tests. When 
n is 10 this difference is 156 volts per mil at puncture; if z is 15 
the difference is 183; if » is 21 the difference should be 206, etc. 
It will be observed that these differences as obtained from Table 
I of Mr. Farmer’s paper are not greatly unlike the values given 
above. 

The foregoing discussion indicates that the peculiar variation 
of the dielectric strength with the area of the testing electrodes 
is due mainly to irregularities of the matcrial under test when the 
area of the electrodes is large, and to increased maximum flux 
density when the area is small. In deciding upon a size of 
electrodes to be adopted as standard, the area should be large 
if the aim of the tests is to determine the most representative 
value of the dielectric strength with the fewest number of tests. 
If, however, the most reliable result is desired while a minimum 
quantity of the material is used, a set of electrodes of small 
diameter should be chosen. 
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DISCUSSION ON ‘‘ TRUNK LINE ELECTRIFICATION " (KAHLER) 
AND “ 2400-VoLr RAILWAY ELECTRIFICATION " (HOBART), 
New York, May 20, 1913. (CONTINUED FROM P. 2147, 
PROCEEDINGS FOR NOVEMBER 1913). 

(Subject to final revision for the Transactions.) 

Roger T. Smith (by letter): Mr. Kahler’s paper is interesting 
to English electrical engineers from the complete method of an- 
alysisadopted. The examples taken do not, however, invite 
criticism either of the constants or of the results since they are 
not comparable with anything in the way of steam or electric 
traction that we have or are likely to have in England. 

Mr. Hobart’s paper, while of course taking its examples from 
American practise, deals largely with certain fundamental con- 
stants for both steam and electric traction common to all rail- 
‘ways. The method of analysis used and its lucid presentation 
conceal the great amount of work which must have been done 
in the preparation of the paper, nevertheless certain of the 
constants used in the calculation can only be considered as a 
first approximation. It may be useful to compare some of them 
with similar figures taken from English experience, and through 
the kindness of Mr. G. J. Churchward, locomotive, carriage 
and wagon superintendent of the Great Western Railway, 
England, I am enabled to consider several of the constants used 
by Mr. Hobart in the light of English experience on the longest 
English railway. While confirming or criticising Mr. Hobart’s 
constants, it is to be remembered that the English figures put 
forward are for conditions for the most part very different from 
those in America. Without Mr. Churchward’s help no steam 
figures could have been given, but even these figures are also 
only to be looked upon as approximations and Mr. Churchward 
must not in any way be held responsible for the manner in 
which the figures are presented. 


Deduction affected by as- 


Page. Line. Constant or Assumption. sumption. 
A. B. C. D. 
1019. 30. Co-efficient of adhesion, 0.20. | Maximum available tractive 
effort. 
1020. e. Average tractive effort over | The whole subsequent inves- 
100 miles for both loco. and | tigation depends on this fig- 
load 9 lb. (10) per ton at aver- ure. 


age speed 50 mi. per hr. 


Mr. Hobart deals first with steam and electric constants 
for a fast passenger service covering 100 miles in two hours. 
Steam figures are given for a Pacific 4-6-2 type locomotive. 
The difference between the American ton and English ton may 
easily result in considerable confusion in comparing constants 
used in the two countries, and while my figures are all given 
in American tons of 2000 1b., the equivalent in English tons of 
2240 lb. will be given enclosed in brackets. The author's en- 
gine weighs 115 tons (103) with 85 tons (76) adhesive weight, 
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hauling a train of 750 tons (670). The comparative figures will 
for the most part represent results obtained with 4-6-0 type 
engines having a weight of 85 tons (76) with 62 tons (551) ad- 
hesive weight, hauling passenger trains rarely exceeding half 
the weight of the American train. 

The value of the coefficient of adhesion should not be taken 
as higher than 0.20. Experience with trains of about half the 
weight of the author's train gives 9 lb. train resistance per 
American ton (10 lb.) as a good average figure. Sufficient 
data is not available to determine whether the tractive effort 
is the same for the locomotive as for the coaches but it 1s to be 
remembered that this confirmation of the author's figures 
applies only to the coaches. "There is reason to believe that 
train resistance is greater for the locomotive, and there is con- 
siderable advantage in dealing only with drawbar forces, such 
as can be measured on a dynamometer car, rather than with 
forces in the cylinder, the measurement of which by means 
of the indicator is extraordinarily difficult and liable to many 
errors. 


A B. C D. 
1020. 9. Efficiency from cylinder to 'The average i.h.p. required 
crank pin, 85 per cent. throughout the journey. the 
coal burnt and the journey 
efficiency. 


This efficiency would be more satisfactory if stated as be- 
tween cylinders and rims of driving wheels. While curves of 
drawbar h.p. plotted with speed under specific conditions can 
be readily drawn to connect many points determined experi- 
mentally, the corresponding i.h.p. values are very hard to con- 


drawbar h.p. 
i.h.p. 


may be taken to be 70 per cent and the indicated h.p. under the 
author's conditions would on this assumption be 1290 instead 
of 1320, thus checking the value of 85 per cent very closely. 


nect by a smooth curve. An average value of ratio 


A. B. C. D. 
1020. 14. Coal per i.h.p. = 3.5 Ib. of |The coal burnt and the jour- 
calorific value of 14,000 В... |пеу efficiencies from coal to 
per lb. cylinder and to wheel rims. 


On trials where the ratio guo, Dp 

1. h. p. 

Welsh coal of a calorific value of 15,400 B.t.u. per i.h.p. were 
2.75 which would probably correspond to 3 lb. per i.h.p. for the 
author's lower calorific value. Taking the actual figure of 


— was 0.70 the pounds of 
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2.75 lb. for the better coal the journey efficiency from coal to 
drawbar 15 increased from 3.53 to 4.1 per cent. 


A. B. n C. D. 


———— | —— n.  nrnMÚkAV. |—— F nF ee — 


1021. 17. Coal used for firing up and at | Affects the reduction of jour- 
end of journey 3000 Ib. or 324 |ney efficiency from coal to 
per cent of coal used on 100  |drawbar. 
mile run. 


The figure 3000 lb. for the coal used for firing up and at end 
of journey would be considered very exceptional. About 800 
lb. for firing up and 1100 1b. left in the firebox at the journey’s 
end may be considered as representative figures for the largest 
English engines. This added to the coal used on the run would 
reduce the journey efficiency of coal to drawbar from 4.1 per 
cent to 3.2 per cent as compared with the author's figure of 
2.85 per cent, the coal per drawbar h.p. amounting to 5.2 lb. 
instead of 6.86 Ib. 

For the electric locomotives if we accept the author's as- 
sumption that the resistance per ton of locomotive is the same 
as for the coaches, and the other carefully prepared and fair 
chain of efficiencies between the coal bunkers and the rims of 
the drivers given on pages 1022 and 1024, the final figure for 
this efficiency given by the author is 63 per cent. With the 
steam figures alreadv given for an English railway with loco- 
motive coal of 15,400 B.t.u. or 6 h.p.hr. per 1b., 57 per cent of 
the coal used by the steam locomotives would be required to 
haul the train electrically, as compared with the author's 47 
per cent. 

If steam locomotive working costs include coal, water, run- 
ning wages and superintendence, lubricants, small stores, and 
locomotive repairs and renewals, the average cost of working 
a locomotive—that is, the total of these costs divided by the 
total number of locomotives in service—is about $5000 per 
annum. 

Of these costs, coal and water account for about one third. 
It is suggested that these total costs, averaged over the whole 
stock, and then modified to suit each type of locomotive for 
which the average consumption of coal per mile is known would 
be the most useful figure for comparison between steam and 
electric locomotives. I regret not to be in a position to give 
this analysis for different types. 

In comparing steam and electric locomotives for fast pas- 
senger service it must not be forgotten that, with increasing 
speed, the series motor falls off in output much more rapidly 
than the steam cylinder. The type of English steam locomotive 
most in favor for fast passenger service can give a measured 
(not calculated) drawbar h.p. of 1100 at 70 miles per hour. 
The} Pacific type could of course give a greater h.p. Have any 
electric locomotives in America given a measured drawbar 
pull of 5900 Ib. at 70 miles per hour? 
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Agreeing with all that the author has said as to the purchase 
of electricity in preference to its generation by the railway, 
the British system of small municipal electric supplies in. each 
town militates against the price of electricity offered by the 
large power companies falling to a sufficiently low figure except 
on the N. E. coast, where attractive prices are offered for trac- 
tion. This has an important bearing in connection with the 
type of traffic dealt with in the second part of Mr. Hobart's 
paper under the head of “ Mountain grade railways, " where 
the hauling of heavy goods trains is considered firstly up 0.3 
per cent grades and secondly up 1.5 per cent grades. 

Here again our conditions are different. There are prob- 
ably 700,000 privately owned traders! wagons in the United 
Kingdom for which the drawgear 1s, when new, tested to 56 tons 
(50). This permits of a maximum tractive effort of 132 tons 
(12) and a maximum starting effort of 19 tons (17) and no 
locomotive giving more drawbar pull than this is required for 
general use. But apart from the loss of strength by wear, a 
considerable percentage of traders’ wagons are much below 
this standard and in general make very heavy freight trains 
impossible. On some railways and in some classes of mineral 
traffic the company’s own wagons are solely used and in such 
cases drawgear can be suited to heavier trains, but there is no 
difficulty in building, within the British load gage, stcam lo- 
comotives (such for instance as those of the 2-8-0 Consolida- 
tion tank type with 70 tons (623 tons adhesive weight) capable 
of pulling the heaviest trains containing traders’ wagons which 
from the strength of their drawgear it is safe to marshall. In 
this country therefore, save in some special cases, the advantage 
of hauling heavier goods trains than can.be hauled by a steam 
locomotive does not exist. In spite of this, the electric hauling 
of heavy goods trains in hilly districts is, after suburban passen- 
ger traffic, the most promising field for electric traction in this 
country on account of increase in possible speed. 

Turning to the author's constants, and remembering the 
British drawgear limitation in the possible maximum weight 
of goods trains in general. 


А . —IW— |... —— 


1031. 19. Total resistance of trailing load | The drawbar h.p. апа all sub- 
at 14 mi. per hr. = 4 lb. (4.5) | sequent results. 
per ton of loaded train, and 
8 lb. (9) per ton of empty train, e 
both at 14 mi. per hr. 


Different load conditions between the two countries make com- 
parisons difficult. For a 560-ton (500) train the resistance 
per American ton was 6 lb. (6. 7) and for the empties weighing 
215 tons (190) the resistance per American ton was 15.1 Ib. 
(15.9), but the speed was 20 miles per hour instead of 14 miles. 
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The value 560 tons, approaches the possible British limit of 
- train weight with a ruling gradient of 1 per cent. 


A. B. C. D. 
1032. 17. Starting adhesion from 25 |The maximum starting effort 
per cent to 30 per cent. of locomotive. 


The adhesion at starting with the 2-8-0 type of goods engine 
is 0.32. 

No useful comparison can be made with English conditions 
of the various constants leading to the efficiency for mountain 
grade locomotives between the coal and the drawbar. The 
amount of 30 per cent added for the coal used when the loco- 
motive is standing can, however, be confirmed. 

It is not possible to give a figure comparable with the author's 
figure for locomotive repairs. It is presumed that the figure 
of 10 cents per mile per 100 tons is an average figure and that 
for the Mallett locomotive under consideration it would be more. 

Only one other figure used in the author's interesting com- 
parisons between stcam and electric locomotives on mountain 
grades can be given from experience this side, and that 1s with 
reference to the 16,000 traffic miles per annum of the Mallett 
locomotive. On a Welsh section including a ruling gradient 
for 2 miles of 2.0 per cent the average annual mileage of the 
2-8-0 type of locomotive is 15,000. 

It is a misfortune that the tvpe of goods service in hilly dis- 
tricts for which cle ctric traction is most suited in England 
is conducted under such very different conditions from those 
obtaining in America that a comparison with the author's 
figures is only possible in one or two instances. Such com- 
parisons as have been made point to the close agreement of the 
author's constants with those obtained from one English rail- 
wav. | 

H. M. Hobart (by letter): The more valuable portions of the 
discussions of the papers by Mr. Kahler and mvself consisted in 
written contributions containing a large amount of quantitative 
data which required detailed analysis in order to disclose its signifi- 
cance. Indeed the significance of the contributions of Messrs. 
Babcock, Hall and Welsh have only become clearly apparent 
after studving them in conjunction with Mr. Babcock’s paper 
entitled ** Mountain Railway Electrification " which was pub- 
lished in the PRocEEDINGS for September 1913. In this paper 
Mr. Babcock considers a mountain railway which in manv 
respects is practically identical with the case which I worked 
out in my paper, and it 1s only recently that I have been able 
to study all this material. This studv has satisfied me that 
Mr. Babcock may be in error in extending his unfavorable 
conclusion as regards electrification of mountain railways to 
cases where the conditions are less favorable with respect to 
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low cost of fuel, than 1n the exceptional case which he has con- 
sidered. Mr. Babcock has based his steam locomotive costs on 
the use of oil purchased at about one cent per gallon or 42 cents 
per barrel. Oil fuel at such a price is equivalent to lignite (of 
a calorific value of 11,000 B.t.u. per pound) at a price of $1.60 
per ton. For my example of a 96-mile mountain-grade railway 
I assumed a price of $2.40 per ton. This price is the lowest 
which could be considered representative. I devoted a page 
of my paper to pointing out and emphasizing the fact that 
with decreasing price of fuel the case for electrification rapidly 
became less favorable. The substitution of $1.60 per ton for 
fuel in place of my figure of $2.40 per ton would have greatly 
decreased the margin in favor of electrification. 

It will be agreed that the price of about one cent per gallon 
(42 cents per barrel) for oil fuel is local in its application. At 
a price of 2 cents per gallon (84 cents per barrel) the item of 
$241,000 for locomotive fuel 1n Mr. Babcock's paper becomes 
$482,000 and increases his “ Steam" total of $687,000 to 
$928,000. Furthermore, Mr. Babcock gives items for first 
cost of (I) Substations and (II) Contact System and Bonding, 
of $1,610,000 and $1,100,000 respectively, or a total of (I) and 
(II) amounting to $2,710,000. The output of the substations 
amounts to only some 47 million kw-hr. per annum. For a 
load of the character handled on his railway the substation 
outlay could certainly be reduced to much less than half of his 
figure. Without going at length into this matter, (which 
appears to be the chief point of difference between our estimates), 
I should unhesitatingly reduce Mr. Babcock’s $2,710,000 by 
$800,000. Bond interest at 42 per cent comes to 


0.045 x 800,000 = $36,000. 
and when subtracted from the “ Electric " total of $451,000, 


(Бау езу nw ei НА КОЛИ ОЛСЕ $415,000. 

We now have 
ЕИ EQ TETTE TET uu aa $928,000 
Pleci TC RS қатырды eee ооо 415,000 
Dieten uu ual eu c a pa uem in oe det $518 000 


from which the cost of the electricity is to Бе defraved. 55 mil- 
lion kw-hr. delivered annually to the substations at a price of 
0.65 cents per kw-hr. amounts to an annual charge of $358,000, 
leaving a balance of $155,000 to cover taxes and depreciation. 
The net investment is 


$3,828,000— $800,000 = $3,028,000 


of which amount our $155,000 is 5.1 per cent. 

This is a conservatively prepared statement and is interest- 
ing in disclosing (1) the effect of the fuel cost on the result and 
(2) the influence of the substation arrangements. 
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I cannot agree with Mr. Babcock's optimistic estimates of 
the efficiency in his electric alternative and in a close analvsis 
corrections ought to be introduced in this respect which would 
render the results a little less favorable to electrification. On 
the other hand I have taken no account of the decreased outlay 
for substation labor and supplies which would ensuc from halv- 
ing the number of substations and eliminating the feature of 
starting up the machinery just prior to the approach of each 
train. 

If my results indicate the general order of magnitude of the 
investment and operating costs, it would appear that the in- 
creased capacity consequent upon the electrification of such a 
mountain grade railway should be amply attractive to justify 
serious consideration of electrification on the part of the ex- 
ecutives of such roads. 

Mr. Roger Smith’s contribution contains data of very great 
value. Engineers will appreciate having available the precise 
figures which Mr. Smith, the chief electrical cnginzer, and Mr. 
G. J. Churchward, locomotive superintendent of the Great 
Western Railway of England have here presented. The Great 
Western data closely confirm my assumptions and in so far as 
they deviate therefrom will be of valuable guidance in ar- 
riving at more appropriate assumptions in investigations of 
this sort. | 

I accept Mr. F. W. Carter's suggestions as very much to the 
point. Mr. F. C. Merricll alludes to the important superiority 
of electrical operation as regards immunitv from the difficulties 
attending steam-locomotive traction in extreme cold weather. 
The point 1s one of much importance. 

With reference to the discussion of steel rectifiers by Messrs. 
Armstrong and Murray, I should like to refer to pages 185 and 137 
of a paper entitled The Relative Costs and Operating Efficiencies of 
Polyphase and Single-Phase Generating and Transmitting Sys- 
tems,* in which I called attention to the useful and useless lines 
on which such apparatus may be developed. If Mr. Murrav 
will refer to that paper and to his own experiences he will see 
that there is need for a revision of his statement that ‘ the 
power house of the single-phase and continuous-current svstems 
are about a stand-off. " Mr. Parshall expresses the opinion 
that the paper credits the stcam locomotive with a better per- 
formance than is representative. The criticisms of Messrs. 
Murray and Wynne, on the contrary, appear to be to the gen- 
eral effect that I have underestimated the performance of the 
steam locomotive. 

It is interesting to contrast the conclusions of Mr. George 
Hill with those of Mr. Babcock. The former states that his 
firm has satisfied itsclf in the course of its investigations that 
electrification will make a very satisfactory showing for many 
cases of heavy mountain grades: the latter has reported on 

*Trans. A I. E. E, Vol. XXXI (1912). 
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“every mountain railway exit from the Central California 
valleys, and on other mountain districts in other parts of the 
West Coast country ” and the conclusions have invariably 
been adverse to electrification. 

Mr. Wynne criticises my 78 per cent annual substation ef- 
ficiency for the mountain-grade service as being too high, and 
recommends that it be decreased by from 7 to 10 per cent. 
In. Mr. Babcock’s paper the annual substation efficiency is 
taken as 90 per cent. In my opinion this 1s 10 per cent higher 
than he could obtain by any practical means for the service he 
describes. In Mr. Wynne’s opinion Mr. Babcock’s figure is 
20 per-cent too high. | 

I am especially glad to have the data which Messrs. Hall and 
Welsh give relating to the cost of Mallett locomotives. Al- 
though the figures which I obtained for the cost of Malletts 
were from very reliable sources, nevertheless, I should have 
employed somewhat lower prices had thesc further data been 
known to me. The comparative result would, however, not 
be much affected, if at the same time, I had taken the clectric 
freight locomotives at $350 per ton, the figure employed by Mr. 
Babcock in his paper, in place of the figure of $450 per ton which 
I employed for the clectric locomotives in my estimates. 

A. B. Babcock (by letter): Mr. Hobart is satisfied “ that 
Mr. Babcock may be in error in extending his unfavorable con- 
clusions as regards clectrification of mountain railways to 
cases where the conditions are less favorable with respect to the 
low cost of fucl than in the exceptional case which he has con- 
sidered." It seems impossible for me to make plain enough 
to be understood that my conclusions are not unfavorable to 
electrification of any railways, mountain or plain, except those 
that I have investigated personally and reported on adversely. 
While these concern the exits from the Central California 
Valleys, and some other mountain districts on the West Coast, 
there are many other districts in which electrification may Бе 
extremely profitable. I am not aware that I have ever made a 
statement favorable or unfavorable to electrification in general. 

Mr. Hobart, if I understand his argument, goes on to assume 
a hypothetical value of fuel and from that argues himself into 
a position contrary to that resulting from my analysis of the Te- 
hachapi figures. With reference to this, permit me to call 
his attention to my discussion of his paper as published in the 
PRocEEpINGs. “ While in the hypothetical case, from a given 
set of assumptions one may argue himself into almost any de- 
sired position, in practise the hard and unyielding physical 
facts аге met." Не also states, “ For a load of the character 
handled on his railway the substation outlay could certainly be 
reduced to much less than half his figure." Again permit me to 
call his attention to the fact that actualities are considered in 
my Tehachapi paper and to refer him to the paragraph wherein 
I said, “ This traffic must be handled as circumstances require. 
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It cannot be spaced conveniently for power demands as many 
engineers and power men have suggested, but the terminal yards 
must be cleared as the cars accumulate." 

Mr. Hobart contrasts the conclusions of Mr. George Hill 
with mine. Mr. Hill's viewpoint and mine аге different. Again 
I will refer him to my Tehachapi paper, first and third paragraphs 
thereof. | 

From the foregoing quotations it would appear to me that 
Mr. Hobart has not read the Tehachapi paper with the care 
that would justify his positive statements with reference to my 
attitude. For his information I will state that the said Te- 
hachapi paper was written іп the hope that it would draw 
out a discussion wherein, if my office has been in error for the 
last ten years with respect to such problems, these errors would 
now be pointed out by those who arecompetenttohave opinions on 
this subject. So far only Mr. Hobart has offered a criticism. 
He appears to have read it without discovering that it deals with 
facts,—with things as they are, not with things as both he and 
I might wish to have them. Only a few weeks ago I stated to 
a representative of a prominent engineering firm that I would 
be very glad to be shown that my conclusions are erroneous, if 
such is the fact, and I made the offer at that time, which offer 
still stands open, that although I had stated 1n the Tehachapi 
paper the absolute operating facts as taken from the company's 
records, I am ready at any time to turn over to competent mem- 
bers of any of the large electrical manufacturing companies, all 
of the operating data that can possibly cast light on these prob- 
lems, to give them access to all of the facts in connection with 
the property, and if they can convince our operating officials 
that there is a profit in the electrification of any one of the 
mountain outlets from Central California, as operated by this 
company, or as can be reasonably operated by this company, 
I stand ready to confess my error as publicly as I have stated 
mv conclusions; but I will neither take part in general discussions 
that lead nowhere, nor will I pick up straw men after they have 
been knocked down. 


To be presented at the 296th Meeting of the 
American Institute of Electrical Engineers. 
Pittsfield, Mass., May 29, 1914. 


Copyright 1914. By A. I. E. E. 
(Subject lo final revision for the Transactions.) 


INHERENT VOLTAGE RELATIONS IN Y AND DELTA 
CONNECTIONS 


BY ROYAL W. SORENSEN AND WALTER L. NEWTON 


ABSTRACT OF PAPER 

The paper gives the results of experiments made with a minia- 
ture simple transmission system to demonstrate the inherent 
voltage relations with different combinations of Y and delta con- 
nections. 

The experimental system consisted of a 7.5-kv-a. revolving field 

enerator, with coil terminals which could be connected either 
or delta, and two banks of transformers each composed of three 
shell-type 3-kv-a. units. All inductive and capacity effects 
in the transmission line were eliminated. The tests were made 
under constant conditions, with non-inductive load. 

The authors give the results of four groups of tests, on four 
different systems of connections, pointing out the advantages 
and disadvantages of the several systems. In each case tests 
were made without load, with balanced load, and with load on 

one phase only, for various conditions of grounding. Typical 
voltage diagrams are given, to show what happens under various 
conditions of load. 

The authors discuss certain cases where the use of auto- 
transformers is advantageous, and the effects of different ways 
of connecting them. 


HE HIGH survival value which the subject of Y and delta 
Systems has as a matter of discussion almost warrants 
the assumption that inherently neither system can be said to 
be generally inferior to the other for the transmission and dis- 
tribution of electric energy. On the other hand,if there is to 
be any choice of either system even for special work such as 
long-distance transmission at high voltage, it would seem as 
though the choice must be based upon certain features inherent 
in the method of connections even though these featurés may 
not in themselves be bad, but rather become conducive to 
trouble only when combined with other features incident to 
that particular condition. 

It is the purpose of this paper, therefore, merely to bring to 
the attention of those interested, experiments made with simple 
Y-connected and delta-connected systems and to show, if pos- 
sible, wherein the advantages of one with respect to the other 
may lie. 

The simplest system which could be constructed would be 
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that of a single three-phase line supplied at one end through 
step-up transformers by the generator and at the other end giv- 
ing out its energy to the connected load through a bank of step- 
down transformers. 

As there can be made with each three-phase bank of trans- 
formers four combinations of connections, and as the generator 
and the receiving motor may be connected either Y or delta, it 
is readily evident that even in a very simple system there may 
be made a large number of combinations. 

The generators as a rule are connected Y because of the 
better wave form obtained, as seen in Figs. 1 and 2, and because 
of the convenient ground point which is then provided. Ex- 
perience has practically made standard the delta connection. 
for the low-tension windings of both the step-up and step-down 
transformers, thus leaving for consideration only the arrange- 
ments of the high-tension windings of step-up or step-down 
transformer banks. These may both be connected Y, as has 
been very generally done, and the neutral points may be grounded 
or not grounded, the grounded condition being, however, the 
one in general usc. They may both be connected delta or one 
may be connected delta and the other connected Y, a condition 
not usual, but one which in some cases has been thought desir- 
able. 

Having made a selection as to the arrangement to be adopted 
in any particular system, it is of course obvious that this sys- 
tem must be carried throughout for any points of multiple 
connection of transformer banks or transmission lines, because 
of the impossibility of delta-Y banks being run in parallel with 
delta-delta banks. : 

DESCRIPTION OF TESTS 

To determine the inherent relations, a miniature system con- 
sisting of а:7.5-Ку-а., revolving field generator, with coil ter- 
minals brought out so that it could be readily connected Y 
or delta, and two banks of transformers each consisting of three 
shell-type 3-kv-a. units, was constructed. All inductive and 
capacity effects in the transmission line, which was in this 
case only the necessary leads for connecting together the high- 
tension windings of the step-up and step-down transformer 
banks, were entirely eliminated. This must be kept in mind 
when considering the conclusions drawn from the tests. 

All tests were made for constant conditions and the load 
used was non-inductive. Potentials were measured with a 
multicellular electrostatic voltmeter, which on closed circuits 
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was carefully checked with a standard portable dynamometer 
instrument. 

All connections were carefully insulated from each other 
and from ground, as was also the frame of the generator, except 


L2. 


STEP-UP TRANSFORMERS STEP- DOWM TRANSFORMERS 


ALTERNATOR LOAD Li 
ЕС. 3 Ес. 4 


in such cases as it was well grounded with a copper ground. 
In all tests the transformer cores and cases were well grounded. 

The first group of tests was made on the system connected 
as in Fig. 3, without load, with balanced load, and with load 


TABLE I* 


Maximum per cent volts. 


Load Gr'd point. | Open point. | H. T. to| L. T.to{ Н.Т. toL. T. N. to 
Gr'd. Gr'd. | ———————, Gr'd 


—Ñ a | ra | eS | oe 


0 None None 57.7 57.7 82.0 163.0 0 

0 Neutral Е = в ы ы Е 
Balanced None а “ € € * а 
a Neutral a “Á а а “< G 

1 phase None One H.T. line 51.0 69.6 90.0 180.0 18.2 

« Neutral 4 73.0 107.0 138.0 276.0 0 

ы None One load lead 74.5 70.0 100.0 200.0 4 

“ Neutral s 02.4 71.5 104.0 209.0 0 
Balanced |One Н.Т. line None 100.0 65.0 — — — 
N&1 * * к 91.2 67.7 — — 0 


*In these tables readings with ungrounded generator frame are omitted (exceptions 
noted in Tables II and IV), as this condition so rarely exists in practise. 


on one phase only, for various conditions of grounding. Some 
typical results of these tests are shown in TableI. When one 
phase only is loaded such condition is obtained in one of two 
ways: by opening a high-tension line, or by opening a low-ten- 
sion line on the load end. 
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Fig. 4 shows the no-load voltage diagrams of high- and low- 
tension lines superimposed upon one another. The step-up 
and step-down transformers being identical, the delta represents 
voltages of generator, primaries of step-up transformers and 
secondaries of step-down transformers. Line voltages, second- 
aries of the step-up, and primaries of the step-down trans- 
formers are shown by the Y. If, as was assumed, the diagram 
is drawn to scale, it would be supposed that a measurement 
from any point on the delta to any other point on the Y would 
give the voltage between corresponding points on primary and 
secondary of transformers. This, however, was found not to 
be true in many instances. With no ground point on the sys- 
tem except the transformer cases, the electrostatic strains would 
be anywhere from 50 to 100 per cent greater than the values 
obtained by measurements from the diagram. The neutral 
point of the Y, which should normally be at ground potential, 
was found to be at some distance above. It was in fact found 


Secondary Secondar 
T A and Ground 
A 
і Ground 


t 
t 
a 
+ 
8 ; . : 
Y Primary y Ur mak 
STEP-UP TRANSFORMERS 
Fic. 5 Fic. 6 


that no point on the entire system was exactly at ground po- 
tential, except of course the transformer cases, and even the frame 
of the alternator was found to be at a potential above ground 
greater than normal line voltage. "These facts can lead to but 
one conclusion, namely, that the conditions on all systems 
cannot be truly represented on one plane. 

On this assumption, a great number of readings were taken 
and it was found that each section of the system might lie in 
a totally different plane, but that these planes are always 
approximately parallel. 

Ап end view, then, of Fig. 4 would appear asin Fig. 5, in which 
each line represents the plane on which the respective diagrams 
would have to be drawn to represent correctly the readings 
obtained. No definite law seems to govern the relative posi- 
tion of these planes. On one day the distance between them 
may be twice that obtained on another. However, the primary 
and secondary planes are always on opposite sides of ground, 
as shown. 


PLATE XXXIX 
А. І. E. E. 
VOL, XXXMI, NO. 6 


[SORENSEN AND NEWTON] 


Fic. 1—VoLTAGE CURVE, CENTRAL LABORATORY ALTERNATOR. 110 
VoLTs, 50 CvYCLES. DELTA-CONNECTED. 


[SORENSEN AND NEWTON] 


Fic. 2—VoLTAGE CURVE, CENTRAL LABORATORY ALTERNATOR. 110 
VoLTs, 50 CvcLES. Y-CONNECTED. 


Digitized by Google 


1914] Y AND DELTA CONNECTIONS 853 ` 


The grounding of the Y neutral brings the transmission line 
plane to ground potential, but maintains a nearly constant 
potential between this plane and the generator plane, so that 
the potential between generator plane and ground is doubled, 
as in Fig. 6. When the generator frame, which heretofore had 
been well insulated, was thoroughly grounded, all potentials 
were brought to the same plane and the voltages read corre- 
sponded to those measured from the diagram, in Fig. 4. 

As load is added to the ungrounded system, the distance 
between the respective planes decreases, and appears to be some 
function of the load. When loaded, the difference between 
them is inappreciable. This is true of unbalanced as well as 
balanced loads. Conditions, then, are better at load than at 
no load, or very light load. (See Table I.) 

The second group of tests was made with the same trans- 


TABLE II 


| 


| 


Maximum рег cent volts. 


| NONO ысы ыы шшс лыы M E СТЕРЕО. 
Load  : Gr'd point. , Open point. | Н. T.to| L. Т. їо! Н. T. toL. T. N. to 
Gr'd Gr'd — — n  Gr'd 


| | 0, H. T.| %L. T. | % H. T.] % L. T. | % H. T. 


t 0 | Мопе Моле 
Balanced | 
| 


TGenerator frame not grounded. 


former arrangement but with the generator connected Y. The 
tests made under these conditions gave results as in Table II, 
which are very similar to those of the first group, in that there 
still rema:ns the tendency for the voltage planes to separate 
on the ungrounded system, at light load. This condition is prob- 
ably better, however, than the first, due to the better wave 
shape obtained with the generator in Y, as can be seen by a 
comparison of Figs. 1 and 2. 

From these data the following conclusions for a Y-connected 
transmission line may be drawn: The generator should be 
connected Y. The neutral point should be well grounded at 
both ends to relieve electrostatic strains. There is, of course, 
the objection to a grounded neutral, that if a line becomes 
grounded also, one phase is short-circuited. "The second point, 
which fortunately does not often arise in practise, is that all 
alternator frames, motor frames, and transformer cases should 
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be thoroughly grounded, not only for the foregoing consider- 
ations, but also to protect the lives of operators and linemen. 

The disadvantages of Y-connected transmission lines may be 
summed up: Difficulty of obtaining a satisfactory ground on 
the neutral and overload or short circuit of one phase by partial 
or complete grounding of a line. 


STEP-UP TRANSFORMERS STEP-DOWN TRANSFORMERS 


ALTERNATOR LOAD 


Fic. 7 


The third group of tests was made with the system connected 
as in Fig. 7, with the same load conditions as in the previous 
set of tests. With this arrangement the normal stresses are 
about the same as with the Y connections (see Table III), and 
the unbalancing of load causes no serious variation in voltage 
relations, but there remains the tendency for the circuits to 


TABLE III 
| | 


| Maximum per cent volts. 


| 


Open point. | H. Т. to | L. T. to H. T. to L. T. N.to 
Gr'd. Gr'd. 


| 
| 
Load =. Gr'd point. 
| H. T. | %L. T. | % H. T. 


% L. T. | % H. T. 


 ——— eee  — PIs —nIrÁ 


O .0 БЕТЕ None | 58.3 | 57.7 91.2 | 105.0 — 
| Balanced e | is " | 59.0 е g — 
' 1 Phase é ‘OneH.T. line 60.1. 69.1 | 1040) 120.0 — 
| ы ы 'Oneloadlead 65.0 | 67.2) 109.0 | 126.0 — 
| 0 ‘OneH.T. line | None | 100.0 | 64.5 | 135.0! 156.0 -- 


lie in different planes, which separate decidedly with a removal 
of the ground connections to the generator frame. In this: 
case, again, the bad wave form of the alternator connected delta 
is objectionable. On the whole this system is not to be re- 
commended, as conditions seem to be particularly unstable, and 
there is no possibility of obtaining a ground point if occasion 
demands. 
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The fourth group of tests was made with the same trans- 
former connections as in group three, but with the generator 
connected Y, giving the better wave form. This is apparently 
the ideal condition, as with such an arrangement it is unneces- 
sary to ground this neutral in order to relieve abnormal elec- 


TABLE IV 


| 
| 


Maximum per cent volts. 


Load Gr'd point. | Open point. | H. T. to L. T. 


H. T. to | L. T. to N. to 


! 


MORES АННЕ ыша [сэз ы N ВАНИЕ 
| | | 
| 


+ O бер. №. (N| Мое | 58.71! 57.7 | 94.4 | 109.0 0 
s None lo | 58.2 s * * 3 
Balanced Gen. N. 5 57.7, 60.0 s “ 0 
1Phase' * 'OneH.T.line 71.7 | 90.0 167.0 | 192.0| 4 
a | ы One load lead 81.2 ' 84.0: 142.0 164.0 s 
0 '1H.T.line | None ' 1000, 58.0 | 145.0 107.0 4 
&Ng | | | М 
š OneH.T. line | s | © | 63.7 ` 148.0 | 168.0 
Balanced | 1 H. T. line š |. * 1 580 145.0| 167.0 
dis 21 


------------------ 


¢Generator frame not grounded. 


trostatic strains between windings. (See TableIV.) All neutral 
points remain close to ground potential, even under unbalanced 
load. There being no grounded neutral on the system, the 
danger of a short-circuited phase by grounding is entirely ob- 
viated, unless two lines should become grounded simultaneously. 


VOLTAGE DIAGRAMS 


А few voltage diagrams might help to make clear just what 
happens under various conditions of load. To avoid needless 
L; repetition of similar figures, diagrams of 
- Az W, the results obtained in the fourth group 

of tests are taken as typical. 
Fig. 8 represents conditions under 
balanced load, in which the Y is the 
LA ` generator diagram, with the neutral at 
ШҮҮ?” мы? Ng. The delta А,, А», Аз represents 
the primaries of the step-up bank of 
transformers, and Li, Г, Ls the sec- 
ondaries of this bank and the primaries of the step-down 
transformers. The diagram of the secondaries of step-down 


Fic. 8 
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transformers connected in Y, corresponds to А1, Аз, Аз and is 
indicated by Wi, Wa, Ws. | 

If, now, one line is opened between step-up and step-down 
transformers, conditions result as in Fig. 9, which is lettered 
to correspond with Fig. 8. The heretofore symmetrical figures 
become considerably distorted. W,, We, W, becomes a straight 


Fic. 10 


line, and ig therefore in series from W: to Из. The diagrams 
of the secondaries of the step-up bank and of the primaries of 
the step-down bank of transformers are no longer coincident. 
The former is shown by the triangle Lı, Lz, Lz and the latter 
by the straight line Lz, Li’, Ls. The distance L,-L,’ represents 
the voltage across the open switch. 


48.2 Amp. 


577Атр. 
5800 Volts 


- е -«--- ae о 


> = =æ — — — wee 


Fic. 11 


An open line between step-down transformers and the load 
gives Fig. 10. The distortion is not so noticeable as in the 
previous case. 

AUTO-TRANSFORMERS 

The economic advantage of using auto-transformers for 

changing from one phase to another and for making slight 
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voltage changes when it has not been necessary to keep the two 
systems insulated from each other has caused them to be quite 
extensively used. | 
Example: A certain large power company had as one source 
of supply a plant which delivered power to the main distribu- 
tion center, over a 125-mile (201-km.) line at a potential of 
90,000 volts. In the new development 60,000 volts was selected 


----- 60000 Volts ed ТЕТЕ i 
Fic. 12 


as a standard for long distribution feeders, and as the line insu- 
lation would not permit the old system to be raised to this 
voltage, the two projects were tied together by means of three 
auto-transformers, which were Y-connected and would carry, 
on the 50,000-volt taps, 5000 kv-a. The connections and 
currents for this bank of auto-transformers are shown in Fig. 11. 

This is the most common arrangement of auto-transformers 
because it is both convenient and economic, and the only one 


50,000 Volts 60000 Volts 


Fic. 13 


which will be considered, although either the extended delta 
or the delta connection as shown in Fig. 12, a and b, might have 
been used to good advantage. 

When such an auto-transformer is used, it is connected as 
in Fig. 13. For such an arrangement there may be two condi- 
tions; grounded neutral and ungrounded neutral. With grounded 
neutral the triple-frequency e.m.f. which exists from line to 
ground may become very dangerous, particularly if the line has 


° 
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considerable electrostatic capacity, as would be the case in the 
assumed problem, bccause of the intensifying effect of the 
third harmonic in the charging current. In some tests made, 
the maximum stress was found to approach three times normal 
potential for the neutral of the auto-transformer bank grounded. 

With the neutral of the auto-transformer bank ungrounded, 
stresses running up to 50 per cent of line voltage may be meas- 
ured from ground to neutral, which is of course not a serious 
matter, as the maximum stress will remain from line to ground 
and will not be changed from normal value. 

Laboratory tests for this connection indicated that the maxi- 
mum voltage strain from the lower potential lines to ground 
would be about half the sum of the high-voltage and the low- 
voltage, which in this case would be one-half of 60,000 volts plus 
50,000 volts, or 55,000 volts. 


TRANSFORMER DESIGN 


When transformers were made in small sizes only, partic- 
ularly if thev were shell type, there was some advantage in hav- 
ing the windings connected Y for the high-tension side of the 
bank, as this allowed a smaller number of coils and less insu- 
lation, because the normal strain was 57.7 per cent of that of 
delta-connected transformers. The increase in size of units 
and the provision for maximum strain where one line becomes 
grounded have made these economic advantages obsolescent, 
except in some very special cases of small, high-voltage units. 
Hence, from the point of design and manufacture, there is no 
advantage for either Y or delta construction. 


APPENDIX 


It may be of interest to consider an actual network diagram 
of the system of a large western power company, as shown in 
Fig. 14. The following nomenclature is used: 


A, engine-driven alternator. 
TA, turbine-driven alternator. 
T, transformers. 

AT, auto-transformers. 


The numerals indicate the voltage at various points on the 
system. For simplicity, the location of switches has not been 
shown. Several small generating stations on the system are 
not shown. 
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Power house No. 1 contains three (shown as one in diagram) 
engine-driven alternators delivering power at 15,000 volts. di- 
rectly to the busbars. The two turbo-generator sets generate 
at 9000 volts and step up to the busbar voltage through auto- 
transformers. In substation No. 1 this is stepped up through 
transformers to connect with a 50,000-volt line, and in sub- 
station No. 2 it connects with a 60,000-volt line through trans- 
formers. 


ү To Power House № 2 
а Осо она Cuy Seu 4 


Power house No. 2 (not shown) is a hydroelectric plant. 
The generator voltage is stepped up with delta-Y (grounded 
neutral) transformers to 150,000 volts, at which voltage it is 
delivered to substation No. 2, where it is transformed to 60,000 
volts as shown. The 50,000-volt line from power house No. 3 
is connected to the 60,000-volt line through auto-transformers. 
Substation No. 1 contains a bank of transformers connected 
Y-delta, with the neutral grounded and the secondary on open 
circuit. 
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ELECTRIC HEATING AS APPLIED TO MARINE SERVICE 


BY C. S. MC DOWELL AND D. M. MAHOOD 


ABSTRACT OF PAPER 

Electricity is being adopted to a great extent for space heating 
in marine work because of the simplicity and low cost of instal- 
lation, saving in weight, freedom from leaks, noises and disagree- 
able odors as compared to steam heat, availability for heating of 
individual rooms, ability of placing heaters where most efficient, 
portability so that storerooms and other seldom-used spaces may 
be readily heated when desired, easeofregulation so thatindividual 
staterooms, etc., can be maintained at any desired temperature 
without affecting the whole system. 

A comparison of convector and radiant heaters is given, the 
proper use of each type is shown, and the conclusion drawn that 
for space heating on shipboard with metal decks and bulkheads, 
the convector heater is most efficient. 

Curves are given showing results obtained on tests tu determine 
the best type of heater for shipboard and desirable features of 
heater are indicated. 

With low cost of electricity on shipboard, electric heating com- 
pares favorably in cost of maintenance with steam heating. It 
interferes very little with the lighting load, thus increasing the 
load factor, and seldom requires extra generator capacity. 


HE SUBJECT of this paper was selected because it presenteda 
means of placing before the Institute the advantages of elec- 
tric heating, which have become more prominent in marine than 
in land service; and because marine service has very thoroughly 
taken up this subject, with the result that many installations 
have been made. Electric heating, properly applied, fits itself 
well to the conditions of marine engineering, where the high 
quality of service and its many desirable advantages over balance 
what increased cost of electric power there may be. 

Electric cooking, with its many advantages, included in which 
are the saving in time and food, improvement in quality of food, 
ease of installing and operation, safety and sanitation, are well 
known, and it seems unfortunate that the use of such appliances 
has been held back in this country as much as 1t has, and is not 
receiving the attention it has been getting abroad. 

The gradual increase in the use of clectricallv heated industrial 
apparatus is going on, the safety, saving in time and improved 
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quality of work creating a popular demand in many classes of 
apparatus. 

Electric air heating of spaces, upon which we will go into 
detail in this paper, is now rapidly coming into popular demand, 
its advantages, properly applied, making it a worthy competitor 
to other methods of air heating in marine engineering. The 
increased cost of operation over steam heat, although high 
in proportionate percentage is not very great in actual dollars 
in view of the low cost of generation of electric power aboard 
ships, and is further balanced by the convenience of locating the 
heat source where most efficient usc of it can be made, the sim- 
plicity and low first cost of installation, especially where the air 
space to be heated is far from the boiler or engine room, the pos- 
sibility of reliable automatic control of temperature, the low cost 
of repairs with little attention required, and the improved quality 
of service with freedom from leaks, noises, disagreeable odors 
and the other inherent objections to steam heating systems. 

In.some cases in the past, electric air heating svstems have 
been failures, but usually these have been traced down as re- 
sulting either because the apparatus installed was the wrong 
design or insufficient for the conditions, the conditions such 
that an clectric air heating system should never have been 
sclected, or the particular electric heating system installed did 
not suit the conditions existing. In some places a small two- 
or three-lamp radiant hcater was installed to heat a compara- 
tively large space, the small radiator being selected probably 
because of high cost of power or because of the desire for ap- 
pearances rather than for performance. It should be carefully 
considered before electric heating is installed whether the ad- 
vantages of this svstem will overbalance the reduced cost of 
operation with steam, as unsatisfactory results in some past 
installations have proved hard handicaps to overcome, and have 
prevented installations that would have been very creditable. 
Care should be taken in selecting the design of heater and most 
appropriate method of installation, rather than placing appear- 
ances first with a resultant sacrifice of results, which appears to 
have been the practise in some past installations. As with 
electric cooking and industrial apparatus, electric air heating 
can compete with other systems only because of its adaptability, 
and this must be considered and made use of or the system 
will be found unsuccessful. 

Heat 15 dissipated as we know, by conduction, radiation and 
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convection. In considering electricity for space heating on 
shipboard we encounter, as a rule, metal bulkheads and decks 
which are good conductors of heat and every effort should there- 
fore be made to minimize conduction losses. The radiant and 
convector heaters, named from the manner in which the heat is 
furnished, have different conditions to meet. 

The radiant heaters or electric radiators dissipate the heat 
principally by sending off radiant energy, raise the temperature 
of opaque bodies in its path, and as they respond instantly when 
turned on have been found adaptable where a small amount of 
immediate warmth and intermittent use is required, such as in 
rooms not in general use, and where it is not desired that the 
temperature of the entire room be increased. Its efficiency for 
space heating on shipboard depends upon the material of the 
bulkheads and decks. As these are as a rule metal, which 
is a very good conductor of heat, a large part of the radiant 
energy is converted into heat upon striking the bulkheads and 
decks, is carried by conduction through the skin of the ship 
to the water and lost, or carried through the bulkheads and 
decks to the surrounding compartments and lost so far as the 
individual compartments are concerned. A feature observed 
in the radiant heater worthy of mention is the feeling of satis- 
faction when sitting in front of it (absent in a convector), caused 
by the cheerful glow present and, as had been stated by some 
authorities, the additional possibility of a physiological effect 
caused by the radiation of the higher frequency rays of infra red 
- such as is experienced in sun baths. 

Convectors heating the air in contact with resistance units, 
start convection currents which increase and maintain the 
temperature of the whole room. In space heating, where the 
surrounding walls are of metal, it has been seen that radiant 
heaters are inefficient in heating the air, and for this same reason 
in convectors the radiation losses should be kept down to a 
minimum. As the radiation increases as a function of the tem- 
perature, the temperature of the element should be kept low. 
Also it is better to heat a large volume of air a few degrees than 
a small volume of air a proportionately greater number of de- 
grees. The former instead of rising rapidly to the top of the 
room and there losing its heat through the metal deck above 
will spread out more and warm by convection the air of the whole 
room. 

To indicate the division of forms of heat dissipated by the 
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convector and radiant heaters the following was experimentally 
determined, using standard constructions: 


Radiant heater Convector heater 


Convected heat.... 40 per cent 90 per cent 
Radiated heat...... 55 per cent 5 per cent 
Conducted heat.... 5 per cent 5 per cent 


The design of radiator appears to have settled on the glow-lamp 
type, although resistance wires operating at a red heat are coming 
into use. The location of the radiator is facing and within three 
or four feet from the person using it. Inthestandard designs of 
radiant heater, the glow lamp is the source of heat, and the 


= ——À 


MINUTES 
Fic. 1—AIR HEATED BY VERTICAL DRAFT. 


commercial designs include two, three and four-lamp units, the 
lamps being either 250 or 500 watts each, as desired. 

The design of convector heaters of the various manufacturers 
differs principally jm the details of construction of the heating 
units. The formation of resistance units constructed of special 
resistance wire or ribbon, insulated and protected in various ways, 
and operating as close as practicable to a tempeature best suited 
for the supply of convected heat, mounted in a manner to permit 
of efficient circulation of air, protected by a strong guard which 
does not restrict circulation and provided with a properly shaped 
deflector to give distribution of air desired, makes up this form 
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of heater. Practise has settled upon a long low heater as prefer- 
able, which design, aided by a properly shaped deflector, permits 
of sending the heated air out from the floor, where better mixture 
and uniformity of temperature is obtained without the danger 
of concentration of high heat at the ceiling with a greatly re- 
duced temperature lower down. А case has been cited of poorly 
installed heaters where the upper berths of staterooms have been 
surrounded by air at such a high temperature to make it uncom- 
fortable, whereas a glass of water placed on the floor has been 
close to the freezing point. 
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The design of the heating element is influenced greatly by the 
desired standard of safety to be upheld, and this has brought out 
designs where the vibration and jar of marine service cannot 
cause disarrangement and possible arcing. Insulation of the 
supporting feet to prevent conduction of heat to the steel deck 
and bulkheads 1s looked after during installation and need not be 
considered in the design of the heater. The essential require- 
ments of convector heaters are long life, maximum heat by con- 
vection available in a comparatively short time, a construction 
conveniently installed, safety, good appearance, and a flexible 
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design for different capacities desired in the various locations. 

The operation of various designs of convector heaters is shown 
by the following curves obtained experimentally: 

Fig. 1 shows the convected air by natural draft measured by 
anemometer and indicates the cubic feet of air heated one deg 
cent. per watt-minute. This figure also contains a sketch show- 
ing the manner in which the convected air was measured. 

Fig. 2 shows the air heated by forced horizontal draft, in- 
dicating in cubic fect of air heated one deg. cent. per watt-minute, 
and shows the variation with velocity of the operation obtained, 
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Fic. 3—CURRENT OFF AT END OF SIXTY MINUTES. 


and is useful in considering such heaters for indirect heating, in 
which the heaters are placed in the ventilating ducts. 

Fig. 3 shows the temperature rise of heating elements plotted 
against time for the respective heaters, and is useful in judging the 
performance of such heaters. 

Fig. 4 shows the temperature distribution taken in a room 12 ft. 
by 21 ft. and 17 ft. high, with and without the use of deflectors of 
various shapes, and using one heater. Fig. 5 shows the tempera- 
ture distribution in the same room as Fig. 4, only with the heater 
placed in the center of the room. 

Fig. 6 shows the temperature distribution in a room 8 ft. 
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by 15 ft. and 9 1/2 ft. high with heater placed at the side of the 
room and using deflectors of various shapes. 

Fig. 7 shows the dimensions of the living compartment in a 
submarine, and the results of tests of heating; and Fig. 8 shows the 
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dimensions of inner and outer staterooms and the results of 
tests and heating, and Fig. 9 shows comparative rise of inner and 
outer staterooms using enclosed and bare resistance type heating 
elements. 
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Fic. 7—HEATING TESTS ON SUBMARINE. 
Temperatures in Centigrade 
Increase 
Total above 
Hour watts Outside 1 2 3 4 Av. outside 
0 7600 8 163 163 17 16 164 81 
2па 7600 8 18 18 20 17 184 10 
3rd 7600 8 18 18 20 17 154 104 
6th 7900 8 201 204 22 20 204 121 


Norg: Deflector No. 3 placed on 2 heaters at end of 3rd hour. 


Fig. 10 gives a comparison between glow and convector types of 
heater as regards convected heat given off, and Fig. 11 shows the 
types and arrangement of deflectors used in obtaining the data 
for the curves herewith. 
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From results of tests conducted during this investigation the 
following general results were obtained: 

(1) For each 1000 cubic feet of space,1500 watts input is requir- 
ed to maintain the temperature of air space of staterooms at 70 
deg. fahr., based on the heater being installed in the center of the 
space, having an average height of 7.5 ft., and also based on re- 
placing the entire space of air at outside temperature of 32 deg. 
fahr. every quarter of an hour. 

(2 Where heaters are placed as in paragraph (1), but 
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Fic. 8—HEATING TESTS IN STATEROOMS. 
Temperature in Centigrade 


Position Type of Room 
Hour Watts of heater deflector Outside Passage average 
Inner Stateroom 
2nd 2760 Center None 10 20 22 
3rd 2760 “ z 10 20 22) 
5th 2360 a No. 3 9 20 27 
3rd 2260 Side None 8 20 24 
4th 2260 “ @ 84 21 241 
7th 2530 к Мо. 5 8 21 28 
Outer Stateroom 
2nd 2040 Center None 10 20 21 
3rd 2040 5 ы 10 20 21% 
5th 1740 * No. 3 9% 20 
3rd 1650 Side None 8 20 25M 
4th 1650 » т 8% 21 254 
7th 1840 € No. 5 8 21 


installed with deflector of design No. 2, the input should be 
1200 watts for 1000 cubic feet space. 

(3) Where heaters are placed close to a bulkhead, without 
a deflector, the input should be 1300 watts. 

(4) Where heaters are placed close up to a bulkhead, and a 
deflector of design No. 4 is used, the input should be 1100 watts. 

(5) Where the space exceeds 20 ft. in either length or width, 
more than one heater should be selected. 

It has been brought out by Dr. Langmuir that the heat loss by 
convection in small wires is nearly independent of the diameter, 


870 MC DOWELL AND MA HOOD: [June 23 


and it has been found in electric convectors that with the units 
at the same temperature, the amount of convected heat given off 
per watt input, increases when the diameter of the unit is de- 
creased. However, as the unit must be of substantial con- 
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Fic. 10—A1rR HEATED BY NATURAL VERTICAL DRAFT—COMPARISON 
BETWEEN GLOW AND CONVECTOR HEAT. 


struction, the use of small diameter units is precluded, to some 
extent, by other considerations. 

Convectors should, where possible, be fixed in or near the cen- 
ter of the room, but this is, as a rule, impracticable and it becomes 
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necessary to secure them near a bulkhead. The effect of their 
position on the heating of a room is shown in Figs. 4, 5 and 6. 
When mounted ncar a bulkhead, the heaters should be heat- 
insulated fron the bulkhead and the back of the deflector should 
also be heat-insulated so that the losses through the walls can 
be kept low. 

The investigation, the results of which are shown in preceding 
paragraphs, was conducted in order that the advantages of the 
best features of design and installation might be made use of to 
bring up the efficiency of the installation and minimize the ob- 


Fic. 11— DEFLECTORS USED. 
Material No. 28 B. & S. gage sheet iron. 


jection to the cost of electric air heating systems. The system of 
heating of spaces on shipboard which is now receiving most at- 
tention is acombination of steam and electric. Air for supply 
to spaces aboard ship is drawn in, by blowers from outside on the 
upper deck, through steam coils known as a thermo tank, and 
delivered to the spaces at about 50 deg. fahr. In each stateroom 
an electric convector heater is installed by which any additional 
increase in temperature is available to the occupant, and such tem- 
perature may be maintained by an automatic regulator thermo- 
stat installed in the convector circuit. This very conveniently re- 
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moves the difficulty existing with the steam installation with its 
common piping system—that of the desirability of different tem- 
peratures for occupants of adjoining staterooms—and reduces 
toaninappreciable amount the additional expense of electric 
over steam heating. 

The cost of generation of electricity aboard ships having boilers 
already installed for propulsion is about one cent per kilowatt- 
hour and in some cases is less than this value. At such a low 
cost of generation, the great objections met with on land instal- 
lations of electric air heating where the cost is as high as 
fifteen cents, do not prevail. 

The adaptability of electric air heating to the extension of 
original installations of steam heating is obvious, and investi- 
gation shows that the installation of greater generator capacity 
has in most cases been found unnecessary; this being because 
the heating load interferes very little with the cooking and 
lighting loads. 


To be presented at the 31st Annual Consention of 
the American Institute of Electrical Engsneers, 
Detroit, Mich., June 23, 1914, under the aus- 
pices of the Committee on Use of Electricity in 
Marine Work. 
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THE ELECTRICALLY DRIVEN GYROSCOPE IN 
MARINE WORK 


BY H. C. FORD 


ABSTRACT OF PAPER 


The gyroscope when continuously driven by electric power may 
be used for various purposes, many of its applications having es- 
pecial value in marine work. 

Small gyroscopes are used to establish base lines for the meas- 
urement or control of angular motion. The gyro-compass makes 
use of the earth’s daily rotation and consequent changing direc- 
tion of gravity to secure a directive force a hundredfold greater 
and more accurate than that of the magnetic compass. 

A general description is given of the gyro-compass as adopted 
by the United States Navy for use on all the battleships and sub- 
marine vesscls. Many electrical and mechanical devices have 
been developed to perform the various functions whereby an in- 
strument of great precision has been secured. 

Large gyroscopes are made which are capable of counteract- 
ing enormous wave forces and completely stabilizing any ship 
against rolling in the heaviest seas. 


NTIL a few years ago the gyroscope was little known or heard 

of except as a child’s toy, although as far back as 1852 

its action was investigated by the French scientist Foucault, 

who published the results of his experiments in which he laid 
down very clearly the laws of its action. 

His first law states that any gyro or spinning body possessed of 
three degrees of freedom, t.e., free to rotate about a spinning 
axis and two other axes all normal to each other, will tend to 
maintain its axis of spinning fixed in space and may therefore 
be used to show the rotation of the earth. He also demonstrated 
that when a gyro was given a forced motion of rotation about 
one of the axes, the gyro would powerfully resist such force while 
at the same time tending to place its axis of spin in line with or 
parallel to the axis of the impressed force. This motion which 
takes place about an axis at right angles to that of the impressed 
force is known as gyroscopic precession and always occurs in 
such ‘a manner as to bring the direction of spinning the same 
as that of the impressed force, and by the shortest path. In 
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other words, if the spinning axis were horizontal and the axis 
of precession vertical, then the gyro, by virtue of the impressed 
force of the earth's rotation, would turn about in aximuth and 
place its axis of spin as far as possible in line with the earth's 
axis (1.e. upon the meridian) after the manner of a true compass. 
This strange resisting force with its unexpected motion of pre- 
cession at a different angle and apparently unrelated to the im- 
pressed force, is in reality a simple and logical result of the 
inertia of the moving mass. Its explanation is well known 
and follows directly the application of Newton's laws. 

It is not, however, the purpose of the writer to go into abstruse 
theoretical considerations. Suffice it to say that the law of 
precession explains fully the observed facts with regard to paral- 
lelism of the two axes, and is well illustrated in the accompanying 
figures, Nos. 1, 2 and 3, which show an ordinary gyroscopic 
top А mounted in a Cardan ring B by pivots a, the outer pivots 
b being supported upon a fork C rigidly mounted upon the base 
D. Suppose the whecl with all parts symmetrical, as in Fig. 1, 
is rotating clockwise, viewed from above, and we grasp the 
Cardan ring and depress it on axis b to position shown in Fig. 2. 
First it will be found that the Cardan ring is possessed of a quite 
remarkable amount of rigiditv and opposes the forces tending to 
tilt it. However, as these forces are applied, and though the 
ring В is moved only slightly, yet the gyroscope is seen to im- 
mediately swing vigorously through a wide angle upon its 
axis a to the position also shown in Fig. 2. Upon lifting the 
Cardan ring the gvro will again be seen to swing vigorously in 
the opposite direction until arrested by the stop as shown in 
Fig. 3. 

For ncarly half a century after Foucault had demonstrated 
its action, the gyroscope was put to no practical use. The late 
Amcrican author and scientist. Hopkins, whose writings were 
published for many years 1n the Scientific American, was the 
first to drive a gvroscope clectrically. He was able to enlarge 
on Foucault's experiments and obtain much more persistent 
results with his continuously driven whcel. 

The first serious application of the gyroscope in engineering 
work was by Obrey, an Austrian naval officer, who made use 
of the gyroscope to steer torpedoes. About 1903 Dr. Schlick, 
a German engineer, proposed the use of the gvroscope for stabil- 
izing ships against rolling and built a number of experimental 
plants which were tried out with some little success. At about 
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the same time Lewis Brennan brought general public attention to 
the gyroscope by his announcement of a railroad car that would 
maintain its equilibrium on a single rail. A car of this type was 
exhibited in this country in 1910 and the subject of monorail 
traction was much discussed in the press at the time in con- 
nection with the possibilities for high speeds which were claimed 
for this invention. 

Practically all of the serious applications of the gyroscope, and 
by far the most important of its uses at the present time, have 
developed in marine work. These are, the steering of torpedoes, 
the use as a compass and the use for stabilizing and controlling 
the motions of ships, the last two of which will be discussed more 
fully. 

Several minor applications have been made, such as (1) 
stabilizing of various instruments, telescopes, etc. against os- 
cillations when mounted on a rolling ship; (2) stabilizing of a 
pendulum carrying a pen for recording the angles of roll and 
pitch of a ship; and, (3) stabilizing a horizontal mirror for use 
as an artificial horizon in taking observations at sea. Some 
very valuable results have been accomplished along these 
lines, but the limits of the present paper will not permit of more 
than a brief mention. Various attempts have also been made 
to stabilize a body with three degrees of freedom for use in 
the direct determination of latitude and longitude, but so far 
as is known, without practical success. 

Fig. 4 shows a form of telescope used on board ship for ob- 
taining bearings of distant objects, which has been stabilized by 
means of gyroscopes so that it is entirely unaffected by motions 
of the ship in any direction. 

Fig. 5 shows one of several types of apparatus which have 
been constructed for recording the rolling and pitching motion 
of a ship upon a moving sheet. In the instrument here shown, 
records of the azimuth as well as various time markings are 
made simultaneously upon the same record sheet. 

Errors are frequently introduced in navigation when measuring 
the altitude of a heavenly body above a false horizon caused by 
mist or by the mirage effect of the heated air on a tropical sea. 
Very frequent observations of the sun or heavenly bodies could 
be taken were it not that the horizon is obscured by low-lying 
banks of fog or darkness. 

Fig. 6 illustrates a gyroscopic artificial horizon which pro- 
vides a means for eliminating these errors in observation and 
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- makes it possible to measure accurately the altitude of any 
heavenly body that can be seen, whether or not the horizon is 
obscured. 

The automobile torpedo, as is well known, depends upon a 
gyro steering gear for its directive power and would in fact 
be utterly ineffective for its purpose without such a device. 
The importance of the torpedo in warfare is of course recognized, 
so that the great value of this application of the gyro needs no 
further comment. 

The gyro compass shown in Fig. 7 is now being installed upon 
all of the battleships and submarines of the United States Navy, 
where it is depended upon absolutely for use under battle con- 
ditions where the magnetic compass could not possibly be em- 
ployed, due to the large masses of magnetic material constantly 
being moved about in proximity to the compass. As an instru- 
ment of navigation the gryo compass has also proved of great 
accuracy and value in enabling the ship to be held steadily 
upon its course irrespective of wind, sky or sea. The foreign 
navies are also rapidly adopting the gyro compass and it seems 
certain that its use on all of the larger steamships and ocean 
liners will be found in a few years when its great advantages 
have become more widely known. 

The very high development of the gyro compass during the 
past few years has been largely due to the efforts of a pioneer 
in the electrical art, Mr. Elmer А. Sperry, whose long and in- 
teresting experience with gyroscopic phenomona and belief in 
their engineering possibilitiesled him to devote practically all of 
his time to its development. 

It has been the privilege of the writer to be associated with 
Mr. Sperry for several vears past in this work, during which 
time a plant has been organized and equipped for the design and 
manufacture of many forms of gyroscopic apparatus. 

A number of workers abroad have also been laboring with 
great persistence and some degree of success to solve the many 
physical problems involved in translating the idea of Foucault 
into concrete terms of steel and bronze which will function 
under the extremely severe conditions on shipboard. 

The nature of the problem is indicated when one realizes that 
the gyro compass is so sensitive that it responds instantly and 
with the highest degree of accuracy to the very slowly im- 
pressed angular motion in space about the earth's axis four thou- 
sand miles distant, while at the same time it remains indifferent 
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Fic. 1 [FORD] FiG. 2 [Fomgp] 
Cardan-Mounted Gyro for Demonstrating Precession Carrying the Upper End of Shaft to 
Gyroscopic Precession. the Left by Tilting the Cardan Ring Downwardly. 
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Precession Carrying the Upper Епа of 
Shaft to the Right by Tilting the Cardan Ring 
Upwardly. 
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Telescope Stabilized by Gyros. 
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Instrument for Recording the Rolling, 
Pitching and Yawing of Vessels. 
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Gyroscopic Artificial Horizon. 


Fic. 8 [FORD] 


Model for Demonstrating the Action of 
the Gyro Compass. 


FIG. 7 [FORD] 


Master Compass with Covers Removed. 


Fic. 10 [FORD] 


Complete Equipment for a Gyro Compass 
Installation on a Battleship. 
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to the angular movements of the ship several hundred times 
greater in intensity. 

In view of the extensive use of the gyro compass and the 
nature of the problems involved in its development, it may be 
of interest to look into the theory of its action somewhat briefly 
and then to note some of the many special construction details 
and various electrical devices employed in this highly organized 
instrument. : 

Fig. 8 shows a small device which may be used to demonstrate 
the action of precession in the gyro compass. In this device 
we have a small disk marked with the cardinal points to represent 
a compass card and mounted upon a ring swiveled to rotate on 
a vertical axis within a hand-supporting frame. The ring 
carries a wheel which spins upon a horizontal axis fixed in the 
ring parallel to the NS line of the compass card. If the device 
is held extended in the hand while the demonstrator turns slowly 
on his heel toward the left, we may consider his body as the 
axis of an imaginary earth and his head as the virtual north 
pole, since his rotation would always be easterly. 

If the device is extended with the axis of the card perpen- 
dicular to the body at the waist line, the compass may be con- 
sidered as located approximately at the equator. If held op- 
posite the shoulder, with the axis of the compass card or handle 
making an angle of 45 deg. with the body, the compass would 
be represented in operation at latitude 45 deg. north. 

Now when the wheel has been made to spin in a clockwise 
direction viewed from the south side of the card, if the device 
is carried about in the hand as above, the card will immediately 
orientate or turn on its axis to bring the north side toward the 
virtual north pole. 

If the demonstrator should reverse his direction of rotation 
and turn toward the right, which would now represent east, 
we should have to consider that the north pole had been shifted 
to his feet, and if the little model is a true compass it should 
also reverse its direction and point to the new pole. This is 
what actually occurs, for the gyro compass not only holds to 
the meridian when placed thereon, but is actually possessed of 
a powerful north-seeking tendency many times greater than that 
of the magnetic needle. 

The above demonstrates the elementary action of the gyro 
compass on an imaginary earth, the length of whose day is about 
twenty-four seconds. Under such conditions this little compass 
is ideal in its simplicity. 
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- When, however, we are considering an instrument of precision, 
for actual use on a ship rolling, pitching and yawing in a heavy 
sea, or manoeuvering at various speeds in every possible direction, 
the matter of picking out this demonstrator who will keep his 
body parallel to the earth's axis under such conditions and rescue 
a struggling directive force from the waves, 1s a somewhat larger 
contract. 

As a matter of fact, many and serious are the mechanical 
and theoretical problems which had to be solved in producing a 
practical compass for navigation. For example, when mounted 
ona ship steaming rapidly north, say, the gyro axis does not point 
true north, but has a certain deflection, for the reason that the 
actual motion in space 15 no longer due easterly, but is about a 
resultant axis somewhat to the westward of the earth's axis. 
The amount of this deflection, which is a variable, depending 
upon the speed, course and latitude of the ship, has bcen exactly 
determined for all conditions. 

In the Sperry compass a device 1s employed which corrects 
for the above factors and automatically introduces this correction 
into the compass readings, which are therefore always made ac- 
curately upon the meridian. Other special mechanical devices 
are employed for the following purposes, among others: 

a. To provide a substantial mounting for the gyro element with 
the highest degree of sensitiveness. 

b. To damp oscillations in azimuth. 

c. To compensate various acceleration pressures. 

d. To prevent errors caused by retardation of the wheel. 

c. To sct the compass quickly on the meridian even when 
the direction 1s unknown. 

f. To prevent errors due to persistent oscillations in certain 
oblique planes. 

g. To admit of determining the specd of the wheel by observa- 
tion. | 

Space will not permit of a further study of the many theoretical 
problems involved nor of a detailed description of all the me- 
chanical devices emploved in this solution. 

The general arrangement of parts constituting the Sperry 
gvro compass is shown in Гір. 9, which for greater clearness 
in illustrating the various functions has been simplified by the 
omission of electrical circuits and minor details. 

The gvroscope wheel is mounted to rotate on a horizontal 
shaft 4 within the casing B, which is pivoted on the horizontal 
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axis C through its center of gravity and carried by the frame 
or vertical ring D. | 

The ring D is suspended by a torsionless strand E and guided 
by bearings F and F' to allow a free oscillation of limited 

amount about its vertical axis 
hr within the frame or '' phan- 
Icd; — tom " G, so called because of 
ENZ its characteristic action as a 
179 = `: “shadow” in following up 
CZ 22 2“ each motion of the ring D. 
f The phantom G has a hollow 
stem H to which the strand E 
-С 1ѕ attached at its upper end, 
and the stem forms a journal 
for rotation in azimuth with 
respect to the supporting base 
frame J. 

The frame J is mounted to 
swing in the binnacle by the 
Fic. 9—Метнор or MouxriNG THE Usual Cardan suspension, 

DIRECTIVE ELEMENT consisting of the ring K and 
suitable bearings L1 L2, L3 and L4, the last not shown. 

The frame J carries a '' follow-up ”' motor M, driving a master 
gear N, forming a rigid part of the phantom G, whereby the 
latter is positively driven in azimuth to respond to any move-’ 
ment of ring D. 

The ring D, which with the wheel casing 1s termed the '' ele- 
ment,’’ carries a pair of electrical contacts in the form of trolley 
wheels, which cooperate with stationary contacts mounted upon 
the phantom G for the purpose of controlling the follow-up 
motor M, the electrical connections not being shown in the 
figure. 

The power-driven phantom G is thus automatically controlled 
so as to respond instantly to all movements of the sensitive 
element, and in fact to all relative movement in azimuth be- 
tween the ship and the gyro. 

This characteristic of the phantom enables it to be used for 
various important functions, namely, to carry the scale or card 
O and a cam P forming part of the automatic correcting device. 
The power drive is also utilized in operating the transmitter for 
the repeater instruments, and in overcoming friction of the slip 
rings needed to carry current to the gyro. 


М. 0 š . 
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Since the phantom G, though at all times rigidly anchored 
to the binnacle, stands in practically constant relation to the 
sensitive element as regard motion about the vertical axis, but 
Is nevertheless entirely separate therefrom, it serves as an an- 
chorage for producing stresses to restrain and correct the move- 
ments of the sensitive element. This is accomplished by means 
oÍ a yielding connection between the phantom G and the gyro 
case B, in the form of a pendulum or bail R, supported by and 
forming a part of the phantom. The point of attachment .S 
to the gyro casing is located in a certain position eccentric to 
both the vertical and horizontal axes of the gyro. By this means 
several most important results are obtained, including positive 
orientation and the prevention of oscilJation. 

The complete electrical equipment of the compass system 
which will now be considered comprises: 

1. A voltage regulator of special design. 
2. A three-phase a-c. generating sct. 
3. A 20-volt d-c. generating set. 
4. A d-c. emergency service. 
9. An alarm system. 
6. Àn automatic control and protective system. 
7. Specially designed controlling switches. 
8. The gyro motor. 
9. А servo motor or follow-up system. 

10. А secondary transmitting and receiving system. 

Fig. 10 illustrates the various parts of the Sperry gyro compass 
system for use on a battleship. The master compass and con- 
trolling apparatus are installed in a protected portion of the 
ship behind heavy armor. The repeater compasses are mounted 
at various points about the ship at the different steering stations. 
On a battleship, for instance, repeaters are supplied at the main 
steering platform, others on the bridge for taking bearings, one 
in the conning tower for steering during battle, one in the steering 
engine room at the stern of the ship, and in some cases one or 
more additional repeaters in ships provided with additional steer- 
ing stations. 

The compass is also used in connection with various other in- 
struments for obtaining and recording various data. 

A most important use of the gyro compass is on submarine 
boats which dcrive their power, when submerged, from storage 
batteries, the voltage of which varies at times from as high as 160 
volts down to 100 volts at the end of a long run. Ап economical 
form of voltage regulator has been devised for such service. 
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The problem of accelerating and driving the heavy balance 
wheel (the compass wheel weighs about 45 lb. or 20.4 kg.) 
at a velocity of about 8600 rev. per min. required the design of 
a special form of generator, three-phase current at 90 volts being 
used. The characteristics of the generator allow of the wheel 
being thrown directly upon the line and brought up to full speed 
automatically in about thirty minutes without attention on the 
part of the operator and without the use of excessive current. 
This machine, shown in the background of Fig. 10, has a capacity 
of three amperes per phase, but is ordinarily run under a load of 
0.9 amperes. 

The 20-volt d-c. dynamotor also shown in Fig. 10 1s used in 
supplying energy to the servo motor follow-up system and for 
operating the secondary or repeater compass system. No 
special features of design were necessary other than to meet 
the usual requirements on ship board as to commutation, rating, 
accessibility, etc. In battleship equipments, both of the above 
generating units are ordinarily supplied in duplicate. 

An emergency direct-current service is provided by the employ- 
ment of a 20-volt storage battery which is kept floating upon the 
line at all times. "This provides energy for operating the follow- 
up system of the compass whenever the ship's service has failed. 
During such times the gyro wheel, on account of its great inertia 
and ease of operation in vacuum, will remain spinning and will 
give ample directive power for an hour or more after the power 
has been shut off, so that the compass is rendered fully effective 
under all such conditions. This constitutes a unique and ex- 
tremely valuable feature of the Sperry compass. 

An independent six-volt battery and alarm bell are employed 
to notify the attendant promptly of any interruption of current 
or failure in operation of various parts of the system which 
would be likely to cause errors in the compass readings, so 
that the same may be corrected without delay. А trip relay 
is provided which keeps the bell ringing until the attendant 
has corrected the difficulty and reset the trip. 

А reverse current relay is provided for disconnecting the 
direct-current dynamotor from the storage battery and line 
upon failure, or any material reduction in voltage of the gen- 
erator or ship's supply line, and for connecting the generator 
in again when voltage has been restored to normal. This 
oÍ course prevents the rapid discharge of the storage battery 
in driving the generator. 


882 FORD: THE GYROSCOPE [June 23 


Especially designed switches and controlling apparatus are 
provided, which include a small and compact switch for throwing 
both the voltmeter and ammeter at once upon any one of a 
number of different circuits or phases. These switches are of 
the rotary or controller type and are enclosed in gas-tight cases 
to prevent danger of explosions when used in submarines. 

The gyro motor is of the three-phase induction type, the 
squirrel-cage secondary forming a rigid part of the inner rim of 
the revolving wheel shown in Fig. 11. 

On account of the high speed of the rotation, wheels have to 
be given a very careful running balance, which is accomplished 
by the use of various size studs threaded into holes at the per- 
iphery of the wheel on each side. 

The stator also shown in Fig. 11 is mounted on one side of 
the main vacuum casing containing the wheel. А spiral line is 
painted on the wheel which, when observed through a window 
in the casing by means of a stroboscope, enables one quickly to 
determine the speed of rotation. 

The servo motor or follow-up system forms an important 
part of the gyro compass and performs three functions, of which 
the first is to shield the gyro from all external forces and friction. 
This is accomplished by the method of carrying the supporting 
filament, and all guiding bearing shaving to do with the sensitive 
element, within an outer frame known as the phantom (Fig. 12), 
which completely shields the element from all disturbing external 
forces. 

The suspended mass of the sensitive element, which, including 
the wheel casing and the vertical supporting ring, weighs 
about seventy-five pounds, is by the above means rendered 
actively sensitive to a force couple of 1/4500 in-lb., which 
represents a force of less than one-fourth-millionth part of 
its own weight acting at a radius of one foot. This degree of 
sensitiveness is actually measurable in the operation of the com- 
pass, which is thought to be somewhat remarkable in this re- 
spect. 

А second function of the servo motor, which in the gyro com- 
pass is known as the “ azimuth motor," is to operate the trans- 
mitter for sending out indications to any number of repeater 
compasses located at distant parts of the ship. The main 
azimuth scale of the compass is also carried on the power-driven 
member. | 

The third function of the azimuth motor is to operate the 
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correction device before mentioned, which by means of cams 
solves a trigonometric equation involving the factors of speed, 
latitude and heading of the ship, and automatically introduces 
the proper correction into the compass readings, which are 
therefore maintained accurately upon the meridian. Fig. 13 
shows the front of the correction device and dials which are 
set at the proper speed and latitude. 

The azimuth motor with its reduction gearing is shown 
in Fig. 14, and is provided with ball bearings throughout. An 
inertia brake consisting of a balance wheel mounted and driven 
by friction on the armature shaft serves to damp the oscillations 
or hunting of the azimuth motor, while offering no resistance to 
continuous motion. ы 

Тһе secondary transmission system comprises а contact mak- 
ing transmitter and six-pole step-by-step motor connected by 
three circuits having a common return wire. The transmitter 
(Fig. 15) is provided with three pairs of tungsten make-and- 
break contacts which are operated by cams. The construction 
of the repeater system is such that the motor may be driven 
at speeds as high as 1000 rev. per min., or 100 cycles per second, 
without getting out of step. 

The repeater motor is geared to give six steps for each indicated 
degree in azimuth and the repeater compass instantly follows 
all changes of the master compass for every movement of the 
ship. 'The repeaters are provided with compass cards made of 
translucent material to permit of illumination from within. 

A manually operated transmitter, or synchronizer, 15 used for 
setting the distant repeaters into agreement with the master 
compass in connection with a magnetic stop for each motor 
by means of which the repeaters are first collected upon a com- 
mon reading and then brought at once to read with the master 
which is then thrown into circuit. 

The exceptionally fine results obtained with the gyro compass 
here described have fully justified the long and painstaking 
efforts that have been expended in its design and in the practical 
solution of the many problems met at various stages of its de- 
velopment and in actual use at sea. 

When subjected to the most drastic tests, far greater in severity 
than any actual conditions found on ship board, the compass 
continues to hold to the meridian within a fraction of a degree. 
In fact, every compass before being accepted by our Government 
has to pass through a series of such tests lasting several weeks, 
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during which time the maximum error must not exceed 3 deg. 
In azimuth when swung continuously for six days at a time 
under conditions of rolling, pitching and yawing of an artificial 
ship. 

It should of course be understood that under similar con- 
ditions on board a battleship or submarine the magnetic com- 
pass would be almost if not entirely useless. Even under the 
best of conditions, navigation of a steel ship by magnetic com- 
pass entails a large amount of extra work with considerable 
liability of error in applying variation and deviation corrections 
of various amounts, plus or minus. With the gyro compass 
described, all readings are made exactly upon the meridian and 
the navigator is always salling on true courses. The quick 
and accurate indications of the compass for the slightest devia- 
tion or yawing of the ship has enabled much straighter courses 
to be steered, with a resulting saving in fuel and increased speed. 
For intricate manoeuvering in battle practise, the ship may be 
controlled perfectly from various protected steering stations 
and the master compass is completely shielded from the fire of 
the enemy and from the shock of gun fire. 

In submarines the gvro compass enables an accurate course 
to be laid when running submerged so that after obtaining the 
bearing of thc target from a great distance the submarine mav 
approach, submerged, to within a short distance and fire its 
torpedoes accurately. 

From an instrument having a degree of sensitiveness to force 
couples measured by one-four-millionth part of its own weight 
it is rather a long jump to consider another type of gyro pos- 
sessed of many tons of stored energy which may be harnessed 
and made to work not only to hold a mammoth ship against 
rolling in high seas but actually to roll the ship for the purpose of 
sliding off a sand bar or breaking through an 1ce floe. 

Gyros of this type have already been built, tested and thor- 
oughly investigated and a gyro of thirty tons weight capable of 
exerting a force couple of over four million pound-feet is now 
under construction for stabilizing the S. S. Ashtabula used as a 
car ferry on Lake Erie. 

In two papers read before the Institute of Naval Architects 
and Marine Engineers in November 1912 and December 1913, 
Mr. Sperry has treated very ably and comprehensively the 
subject of stabilizing ships and has made some striking сот. 
parisons which show his valuable contribution to the art in the 
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“ active " type of gyro. In the last paper referred to are shown 
characteristic rolling and damping curves for ships equipped 
with active gyros when subjected to various wave impulses and 
frequencies. "These curves, some of which are here reproduced in 
Fig. 16, were obtained from a model ship pendulum, the dimen- 
sions of which were adjusted to correspond to a 19,000-ton ship 
at the linear ratio of 1:30. | 

The stabilization is practically complete, asindicated by the 
curves in Fig. 16. Early in this work observations were made 
indicating that the stabilization was complete even when the 
wave increments received from the sea were greater than the 
theoretical power of the gyros mounted in the ship. 

The work with the stabilizer has shown that it is perfectly 
easy to stabilize against all wave increments received by the 
ship from the sea which are equal or less than the stabilizing 
capacity of the gyro equipment. Stabilization is so complete 
under these conditions that interest in this part of the per- 
formance has been transferred to investigations of the region 
where the wave increments are actually in excess of the 
stabilizing capacity. 

The curves in Fig. 16 are among the results obtained in this 
connection and it will be seen by carefully scrutinizing the cards 
that none of the curves are taken where the wave increments are 
not larger than the roll-quenching increment, and even under 
these conditions the stabilizing 1s practically complete for prac- 
tically all the wave periods. | 

Practical data of great value were obtained from the construc- 
tion of an active gyro plant which was tested out repeatedly on 
the U. S. S. Worden during the summer of 1912. This plant 
was the largest gyro installation ever built and consisted of 
two gyros weighing about three tons each which were operated 
actively by use of a precession engine. 

The gyros were automatically controlled so that they responded 
instantly to all wave increments encountered, whether in 
harmony with the period of the ship or not. 

Fig. 17 shows one of the Worden's gyros bolted on a heavy 
base plate while under test at the Brooklyn Navy Yard. The 
base was loaded with pig iron, which, with the load of the gyro 
and precession engine, brought the total weight up to over thirty 
tons. The gyro very effectively demonstrated its power by 
actually Hfting this heavy load, tilting the whole base plate 
up on edge and rocking it back and forth as the gyro was pre- 
cessed. 
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Fic. 15 [FORD] Fic. 18 [FORD] 


Transmitter for Operating Secondary or The Precession Engine. 
Repeater Compasses. 


FiG. 17 [FORD] 


One of the Two Large Gyros of the U. S.S. Worden while under Preliminary Tests 
at the Navy Yard, New York. 
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Fic. 19 [roRp] 
The U.S.S. Worden at Dock. 
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Fig. 18 shows the precession engine, and Fig. 19 shows the 
gyro equipment mounted aboard the Worden ready for the sea 
trials. 

The results prove conclusively that the active type of gyroscope 
as applied the control of a ship's rolling motion is of vastly greater 
efficiency and economy than any other form of stabilizer yet 
proposed. The efficiency is demonstrated by the action of 
carefully calculated scale models and is completely verified by 
the long-continued performance at sea of the gyro plant on the 
Worden. 'The economy is evident from a comparison of the 
space and weight required in an installation of the active gyro 
relative to that required by the most effective form of water 
damping tanks or other stabilizing means. 

Careful calculations show that an active gyro plant for 
stabilizing the S. S. Ashtabula will require less than one-tenth 
the space and weight which would be necessary for equivalent 
stabilizing with the best-designed water pendulum. 

The results further show that it is now possible to completely 
stabilize any ship against rolling by means of an active gyro- 
Scope, requiring a very small percentage of the weight and 
space available in the ship. This work has opened up a wide 
field of usefulness in the application of the gyroscope. 
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THE SPHERE GAP AS A MEANS OF MEASURING HIGH 
VOLTAGE 


BY F. W. PEEK, JR. 


ABSTRACT OF PAPER 


A gap method of measuring high voltage is desirable in 
certain tests because a gap measures the maximum point of the 
voltage wave. 

The needle gap is unreliable, and is subject to large cor- 
rections due to humidity, etc. The sphere gap is free from 
complicated corrections and the curve 15 subject to calculation. 
Wherever voltage is measured by a gap, correction must be 
made for air density—that 1s, altitude or barometric pressure, 
and temperature. The laws for this correction have been 
deduced for the sphere gap, from tests, over an air density range 
equivalent to that from sea level to 18,000 ft. elevation. Ап 
equation is given for calculating sphere spark-over curves for 
various spacings, radii, air density, etc. 

Standard measured curves for convenient sizes of spheres at 
sea level are given for practical use, as well as a table for applying 
these curves to anv altitude. The altitude correction may be 
made very accurately. to the standard curve, either by applying 
the calculated correction constant or by applying the correction 
factor given in the tables. 

The complete standard curves should not be calculated when 
reliable measured curves are available. 

The effect of high frequency and impulse voltages are dis- 
cussed. In making measurements certain precautions are neces- 
sary for accuracy, as well as for protection of apparatus. These 
precautions аге discussed and test results are given. 


GAP meihod of measuring high voltages is often desirable 
in certain commercial and experimental tests. Asa gap 
measures the maximum point of the voltage wave it is therefore 
used in manv insulation tests where breakdown also depends upon 
the maximum voliage point. In most commercial tests an ac- 
curacy of one or two per cent is sufficient. A greater accuracy 
can be obtained with the sphere gap for special work where 
proper precautions are taken. 


THE NEEDLE GAP 
Тһе needle gap is unreliable at high voltages because, due to 
the brush and broken-down air that precedes the spark-over, 
variations are caused by humidity, oscillations, and frequency! 
1. Discussion, F. W. Peek, Jr., A. I. E. E, Feb. 1913. С.Е. Review, 


May, 1913. 
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The needle gap is also inconvenient because needles must be 
replaced after each discharge; the gap becomes very long at high 
voltages, and the calibration varies somewhat with the sharpness 
of the needle. 

The effect of humidity is shown in Fig. 1, where it can be seen 
that a higher voltage is required to spark over a needle gap when 
the humidity is high than when it is low. (Curves of Fig. 1, are 
intended only to illustrate this effect). It is probable that the 
corona streamers in humid air cause a “ fog ", and then agglom- 
erate the water particles, 
which, in effect, increase the 
size of the electrodes. 

All spark curves of what- 
ever form of gap must be cor- 
rected for air density ; that is, 
altitude and temperature. 
For low voltages the spark- 
over voltage of the needle gap 
decreases approximately as 
the air density. At higher 
voltages the effect becomes 
erratic, probably due to 
humidity. 


HUMIDITY, PERCENT 
^ 


KILOVOLTS EFFECTIVE 


THE SPHERE GAP 


The voltage required to 
spark over a given gap be- 
tween spheres increases with 
the diameter of the sphere. 

20 зю 4 
Corona cannot form on SPACING, Cm. 
spheres, or rather, the spark- Еіс.1--АРРКОХІМАТЕ NEEDLE GAP 
over point and corona point CuRVES FOR DIFFERENT RELATIVE 
are coincident if the spacing жымы. 
is not greater than the diameter of the sphere. Practically 
a spacing as great as three times the radius may be used 
without appreciable corona. The voltage limit of a given 
sphere in high-voltage measurements is thus reached when a 
gap setting greater than three times the radius is required. А 
larger sphere should then be used. With this space limit, the 
first evidence of stress is complete spark-over; corona can never 
form, and all of the undesirable effects and variables due to brush 
discharge and broken-down air are eliminated. Humidity has 
no measurable effect. 
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The space factor is relatively small. Several thousand 
measurements may be made without repolishing. The curve 
may be calculated. The only correction is the air density cor- 
rection. This has been investigated and the results are given 
below. The correction is quite simple. Fig. 2 gives typical 
sphere-gap curves for both spheres insulated and for one sphere 
grounded. Tables I to V give spark-over curves for 6.25, 12.5-, 
25-, 50 and 100-cm spheres at sea level, (25 deg. cent., 76 cm. 
barometer). б = 1. (See Note 2). 


Z 
BEN Уу Еа 
и арра 
=s Su 

sr... 


Ej 
E: 


LESE TT. EE EINE EN 
SRR 


KILOVOLTS EFFECTIVE 


2 16 20 
SPACING, Cm. 


Fic. 2—SPARK-OVER CURVES 
25 cm. diam. spheres 


Calculation of Curves: The gradient or stress on the air at the 
sphere surface, where it is greatest, ts found mathematically: 


g = — fv. per cm. 


where e is the applied voltage in kilovolts, x is the spacing in 
centimeter, f is a function of > and r is the radius of the sphere 


in centimeters. 


2. The Calibration of the Sphere-Gap Voltmeter, Chubb and Fortescue, 
A. I. E. E., Feb. 1913. Discussion F.W. Peek, Jr., A. I. E. E., Feb. 1913. 
“ The Sphere Сар as a Means of Measuring High Voltage." Е. W. 
Peek, Jr., G. E. Review, Мау, 1913. 
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TABLEI 


SrHERE-GAP SPARK-OvER VOLTAGES ` 
6.25-cm. DIAMETER SPHERES. 


Spacing | Kilovolts effective | 
cm. in. | Non-grounded Grounded 
0.5 0.197 12 12 
1. 0.394 22.5 22.5 
1.5 0.591 31.5 31.5 

0.787 41. 41. 
3 1.181 [ 57.5 56. 
4 1.575 | 70.5 66. 
5 1.969 81. 73 | 
6 2.362 89. 79. 
7 2.756 96 83. 
8 3.150 102 88 
9 3.543 107 90.5 
3 10 3.937 110 93. 


| 


Each point is the average of five readings. The average variation between maximum 
and minimum for a given setting is less than 0.5 per cent. 


TABLE II 


SPHERE-GAP SPARK-OVER VOLTAGES. 
12.5-cm. DIAMETER SPHERES. 


Spacing Kilovolts effective 
cm. in. Non-grounded | Grounded 
0.25 0.098 6.5 6.5 
0.50 0.197 12. | 12. 
1 0.394 22 22. 
1.5 0.591 31.5 | 31.5 
2 0.787 41 | 41. 
3 1.181 59 | 59. 
$ i 
4 1.575 76 | 75 
5 1.969 91 | 89 
6 2.302 105. | 102 
7 2.756 118. 112 
8 3.150 130 120 
9 3.543 141. 128 

10 3.937 151. 135 
12 4.72 107. 147 
15 5.91 188 160 
17.5 6.88 201 168. 
20. 7.87 213. 174. 
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Then gs = A f kv. per cm. 


where e, is the spark-over voltage and z; is the apparent strength 
of air. 

f is found mathematically and tabulated in Table VI? for the 
non-grounded and grounded cases. For the non-grounded case it 


TABLE III 


SPHERE-GAP SPARK-OVER VOLTAGES. 
25-cm. DIAMETER SPHERES 


| Spacing | Kilovolts effective 
cm. in. | Non-grounded Grounded 
| 0.5 0.197 11 11 
1 0.394 22 22 
1.5 0.591 32 32 
2 0.787 42 42 
2.5 0.983 52 52 
3 1.181 61 61 
4 1.575 78 78 
5 1.919 96 94 
6 2.362 112 110 
7.5 2.953 135 132 
10. ! 3.037 171 166 
12.5 | 4.92 203 | 196 
| 
15. | 5.91 230 220 
17.5 | 6.88 255 238 
20 7.87 | 278 | 254 
22.5 | 8.85 | 297 | 268 
25. 9.83 314 | 280 
30. | 11.81 339 300 
40 | 15.75 385 325 
| 


was found experimentally that g;, the apparent surface gradient 
at spark-over, increased with decreasing radius of sphere, as gy 
for corona on wires increases for decreasing radius of wire. For 
a given size of sphere, g, is practically constant independent of 
spacing, between the limits of x = 0.54 V Rand x = 2 R. 


3. See Law of Corona III, F. W. Peek, Jr., A.I.E.E., June, 1913. G. 
R. Dean, G. E. Review, March, 1913; Physical Review, Dec. 1912 and 
April 1913. Russel—Philosophical, May 1906. 
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The average gradient between these limits of separation is‘ 


gs = 27.2 ( 1+ vt) kv. per cm. max. (1a) 
0.54 
gs = 19.3 ( 1 + vog )KV- perem. eff. sine wave. (1b) 
VR 
TABLE IV 


SPHERE-GAP SPARK-OvER VOLTAGES. 
50-cm. DIAMETER SrHERES 


Spacing Kilovolts effective 
cm. in. Non-grounded | Grounded 
ë i 
2 0.787 40 | 40 
4 : 1.575 76.5 76 
6 x 2.362 115.5 112 
8 3.150 149 145 
10 3.937 189 185 
12 4.72 224.3 220 
14 5.51 255.5 250 
16 6.30 285 275 
20 7.87 335 | 320 
25 9.83 393 377% 
30 11.81 445 420 
35 | _ 13.80 493 | 456 
| 
40 | 15.75 537 489 
45 ' 17.72 573 | 516 
50 x 19.19 605 | 541 
55 21.65 633 | 561 
60 23.62 660 579 
65 25.60 684 | 594 
| 

| 70 | — 927.56 705 608 
75 ! — 929.55 725 619 


+ These values are calculated. 
tSpacings above 22 cm. are calculated. 


The maximum variation from the average between the limits 
may be 2 per cent. When x is lessthan 0.54 VR, g, increases 
very rapidly because the spacing is then less than the “ rupturing 
energy distance.” Above x = З R, g, apparently gradually 
increases’, This increase seems only apparent and due to the 


4. See Law of Corona III, F. W. Peek, Jr., А. I. E. E., June, 1913. 
5. Ibid. 
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shanks, surrounding objects, etc., better distributing the flux 
or lessening the flux density. When both spheres are insulated 
and of practical size, the change is not great within the prescribed 
limits. When one sphere is grounded, however, this apparent 
increase of gradient is very great if the mathematical f, which 
does not take account of the effect of surrounding objects, is 
used. For this reason this f was found experimentially, assum- 
ing gs constant within the limits as it is in the non-grounded case, 


TABLE V 


SPHERE-GAP SPARK-OVER VOLTAGES. 
100-cm. DIAMETER SPHERE. 


Spacing Kilovolts effective 

cm. in Non-grounded Grounded | 
1.0 0.394 20 20 | 
3.0 1.181 60 60 U 
5.0 1.969 100 100 

10.0 3.937 195 195 

15.0 5.91 283. 280 

20.0 7.87 364 360 

30.0 11.81 520. 505 ы 

40.0 15.75 650 615 

50.0 19.69 770 730 

60.0 23.62 870 810 

70.0 27.56 956 895 

80.0 31.50 1044. 956 

90.0 35.43 1107 1010 

100.0 39.37 1182 1057 

110.0 43.35 1238 1090 

120.0 47.20 1290 1133 

130.0 51.20 1335 1160 

140.0 55.70 1378 1189 

150.0 59.10 1412 1212 


These values are calculated. 


and finding values of fy corresponding to the different values of 


ый Any given value of the ratio T should require a constant 


R R 
fe to keep gs constant independent of R. This was found to 


check. 
The curves may be very approximately calculated thus: 


€; = gs T (non-grounded) effective sine wave. (2) 
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е = f, = (grounded) effective sine wave (3) 


fo 


where g, 15 calculated from equation (1b), and % or f are found 


from the table for the given 5 . These equations have been 


given for theoretical rather than practical reasons. Curves 


TABLE VI 


SPHERE-GAP GRADIENT FACTOR. 


Non-grounded One sphere One sphere grounded. 
mathematical grounded. Mathematical coeffi- 
and actual Actual cient not correct 
practical practical on account of effect 
coefficient * coefficient of shanks, etc.f 
f fo Л 
1.034 1.035 1.050 
1.103 1.105 1.162 
1.175 1.18 1.28 
1.366 1.41 1.62 
1.568 1.675 2.00 
1.781 1.965 2.415 
2.002 2.27 2.85 
2.225 2.59 3.30 
2.455 2.90 3.76 
2.686 3.20 4.23 
1 x VA x 2 
*Non-grounded —f = T R +1 + n +1 +8 


fo = experimental values. 


if x A/ (Xy 
eV) 


fi should not be used—see note above. 


{Опе sphere grounded 


should be calculated only when standard measured curves cannol be 
obtained. Measured curves are given here. The average error, 
however, for curves calculated from the above equations, for 
2-cm. diameter spheres and over, should not be greater than 2 
or 3 per cent. The accuracy of calculations is not as great as 
in the case of the starting point of corona on wires. 
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EFFECT OF AIR DENSITY OR ALTITUDE AND TEMPERATURE 


We have found that the average gradient for various air 
densities may be expressed 


0.54 
s = 27.26 (1 + ЖЕ) Ку. рег ст. тах. 
° VER) V P 
` 0.54 А 
= 1932 (1 а heel 
gs + VER v. per cm. effective 


where 6 is the relative air density 


б = 3.92 b 

273+1 
b = barometric pressure in cm. - 
t = temperature in deg. cent. 


The standard sea-level curves correspond to 76 cm. barometric 
pressure and 25 deg. cent. or where ó = 1. 

Correction Factor. The standard curve may be made to apply- 
to any given altitude by multiplying the voltage at different 
spacings by the correction factor, thus: 


0.54 
19.36 (1 D) 
+ VER 


е = € 
19.3 (1 + Mu) 
(4) 
0.54 
(1 $ =) 
= 66 VOR ek 


Practical Application. In order to avoid the trouble of cal- 
culating in practise, the factor is tabulated in Tables VII and 
VIII. This correction is very accurate. Table VII gives the 
correction factor for different sizes of spheres at different baro- 
metric pressures and at constant temperature. When volt- 
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age strikes across a given gap, its value, e, тау be found by tak- 
ing the voltage e, corresponding to the gap, from the standard 
curve and multiplying by the correction factor k, or a curve may 
be plotted corresponding to a given barometric pressure, thus 


€, = ek. 


TABLE VIII 


Calculated values of k for different values of 


V ER +0.54 
- 4/3 ———əƏ oy—— 
š VR + 0.54 


Relative Values of k. 
air 

density Diameter of standard spheres in cm. 
ë 6.25 12.5 25 37.5 50 75 100 
0.50 0.547 0.535 0.527 0.522 0.519 0.519 0.516 
0.55 0.594 0.583 0.575 0.570 0.567 0.565 0.564 
0.60 0.640 0.630 0.623 0.618 0.615 0.613 0.612 
0.65 0.686 0.677 0.670 0.665 0.663 0.661 0.660 
0.70 0.732 0.724 0.718 0.714 0.711 0.709 0.708 
0.75 0.777 0.771 0.766 0.762 0.759 0.757 0.756 
0.80 0.821 0.816 0.812 0.809 0.807 0.805 0.804 
0.85 0.866 0.862 0.859 0.857 0.855 0.854 0.853 
0.90 0.910 0.908 0.906 0.905 0.904 0.903 0.902 
0.95 956 955 .954 .953 952 951 951 
1.00 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.05 1.044 1.045 1.046 1.047 1.048 1.049 1.049 
1.10 1.090 1.092 1.094 1.095 1.096 1.097 1.098 


Table VIII gives the correction factor for various values of ó. 
The value of ó may be calculated for the given temperature and 
barometric pressure and a correction factor then found from the 
table. Fig. 3 gives the standard curve for the 12.5-cm. sphere 
(non-grounded, 25 deg. cent., 76 cm. bar. pressure) and curves 
calculated therefrom for 25 deg. cent. and various barometric 
pressures. 
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EXPERIMENTAL DETERMINATION OF AIR DENSITY CORRECTION 


Tests. The equation (4) for the air density correction fac- 
tor was determined by an extensive investigation of the spark- 
over of spheres in a large wooden cask arranged for exhaustion 
of air. This cask was built of paraffined wood and was 2.1 
meters high by 1.8 meters inside diameter. 

Tests were made by setting a given size of sphere at a given 
spacing, gradually exhausting the cask, and reading spark-over 
voltage at intervals as the air pressure was changed. (Tempera- 
ture was always read, but varied only between 16 deg. and 21 
deg. cent). This was repeated for various spacings on spheres 
ranging in diameter from 2.0 cm. to 25 cm. At the start, the 


š Су». 6:10 
T 684 Cm. 0-09 
Ë 08 Cm. Z= 08 
o 
Ë П 53.2 Cm. 4-07 
2 бст с-06 
м 580 (m. 6-05 
9i 
о 
- 

x 


0 5 10 15 29 
SPACING, Cm 


Fic. 3—SPHERE GAP SPARK-OVER VOLTAGE AT VARIOUS 


AIR PRESSURES 


Temperature 25 deg.cent. 12.5-cm. spheres. Non-grounded. Drawn curves calculated. 
76 cm. is standard curve. Points are from curves through measured values. 


possible effect of spark-overs on the succeeding ones іп the cask 
was investigated and found to be nil or negligible. А resistance 
of one to four ohms per volt was used in series with the spheres. 
Wave shape was measured and corrected for. Voltage was read 
on a voltmeter coil, by step-down transformer, and by ratio. 
Precautions were taken as noted in the discussion referred to 
below.® 

In order to illustrate the method of recording data, etc..a 
small part of the data for various spheres and spacings is given 
in Tables IX to XVIII. Numerous data are plotted in curves, 


6. The Calibration of the Sphere-Gap Voltmeter, А 1.Е.Е., Feb., 1913 
Discussion by F. W. Peck, Jr. 
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TABLE IX 
SPHERE-GAP SPARK-OvER VOLTAGE AND GRADIENTS 
2.54-cm. DIAMETER SPHERES— NON-GROUNDED. 


Spacing Temp Press. | Relative kv Ё; 
ст. іп. deg. п. of Hg air eff. max. eff. max. 
cent. density measured 


| —d—— | | | А |. | аә. u... ...... u... 


0.635 0.25 15 29.78 1.028 15.7 22.2 29.2 41.2 
28.63 0.99 15.3 21.65 28.5 40.3 

| 27.73 0.957 14.9 21.1 27.7 39.2 
26.93 0.93 14.4 20.4 26.8 23.0 

| 25.93 0.895 14.0 19.8 26.0 36.8 
24.68 0.852 13.6 19.2 25.3 35.7 

23.63 0.818 13.2 18.7 24.6 34.8 

22.38 0.776 12.5 17.2 23.25 32.0 

21.58 0.745 12.1 17.1 22.5 31.8 

20.78 0.717 11.8 16.7 22.0 31.1 

19.88 0.686 11.3 16.0 21.0 29.8 

18.75 0.649 10.75 15.2 20.0 28.3 

17.88 0.618 10.4 14.7 19.35 27.4 

16.68 0.576 9.8 13.85 18.25 25.8 

15.73 0.544 9.26 13.1 17.2 24.4 

14.48 0.500 8.66 12.25 16.1 22.8 


Barometer 29.78 in. 


TABLE X 
SPHERE-GAP SPARK-OVER VOLTAGE AND GRADIENTS 
2.54-cm. DIAMETER SPHERES—NON-GROUNDED. 


Relative Es 

Spacing air kv eff. ` max. 

cm. in. density eff. max. measured 
3.81 1.5 1.01 52.4 74.2 29.2 41.4 
i s 0.962 50.5 71.5 28.1 39.8 
“ T 0.923 49.1 09.5 27.4 38.7 
s s 0.875 45.7 64.6 25.5 36.0 
s “ 0.834 45.2 64.0 25.2 35.7 
ы а 0.798 42.8 60.6 23.8 33.8 
“ š 0.757 41.3 58.5 23.0 32.6 
Ж S 0.734 40.4 57.2 22.5 31.9 
е - 0.722 39.0 55.1 21.7 30.7 
ы s 0.669 38.0 53.8 21.2 30.0 
S “ 0.629 35.6 90.4 19.8 28.1 
ы ш 0.590 34.1 48.3 19.0 26.9 
* ы 0.551 32.7 46.3 18.2 25.8 
“ “ 0.527 31.2 44.3 17.4 24.7 
* E 0.487 30.5 43.2 17.0 24.1 
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TABLE XI 
SPHERE-GAP SPARK-OVER VOLTAGE AND GRADIENT 
5.08-cm. DIAMETER SPHERES— NON-GROUNDED 


Spacing Relative kv. &s 
cm. in. air eff. max. eff. max. 
density measured 
5.08 2 1.018 78.4 111.0 27.4 38.9 
« е 0.98 75.6 107. 26.5 37.6 | 
е ui 0.944 73.1 103.5 25.6 36.2 
! 
е s 0.903 7.07 100 24.8 35.0 | 
ы “ 0.872 68.7 97.2 24.0 34.0 | 
“ “ 0.836 64 90.5 22.4 31.7  ; 
4 « 0.798 63.6 90 22.3 31.5 
s 2 0.764 01.1 86.4 21.4 30.2 
в s 0.726 58.9 83.3 20.6 29.2 
i 
. . | 0.682 | 56.1 80.5 19.6 28.2 
a “ | 0.654 54.0 76.4 18.9 26.8 
É “ | 0.618 51.5 73.0 18.0 25.6 
s 6 0.578 49.0 69.3 17.2 24.3 
а s 0.544 45.8 64.7 16.0 22.6 
Ы s 0.510 43.3 61.2 15.2 21.4 
TABLE XII 
SPHERE-GAP SPARK-OVER VOLTAGES AND GRADIENTS 
12.5-cm. DIAMETER SPHERES— NON-GROUNDED. 
Relative Es 
Spacing air kv. efi. max. 
cm. in. density eff. max. measured. 
2.54 1 1.016 52.4 74.1 23.6 33.4 
е s 0.966 49.9 07.9 22.4 30.6 
Ы 0 928 47.4 07.0 21.3 30.2 
е 0.88 45.4 64.2 20.4 28.9 
€ 0.83 42.5 60.1 19.2 27.1 
а 0.778 40.0 56.6 18.0 25.5 
s « 0.738 38.4 54.3 17.3 24.4 
a 0.705 36.0 52.2 16.6 23.5 
Ж 0.644 33.4 47.2 15.0 21.2 
е е 0.607 31.4 44.5 14.1 20.0 
e “ 0.558 29.4 41.6 13.2 18.7 
^ Б 0.538 29.6 41.8 13.3 18.8 
a 0.493 27.4 38.8 12.3 17.5 
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Relative 


density 


алг 


TABLE XIII 
SPHERE-GAP SPARK-OVER AND GRADIENT. 
12.5-cm. DIAMETER SPHERES—NON-GROUNDED. 


ee | cee слоте таана | cnt rtt nne | ta amans | cma eremum | ————s | —r 


Spacing 


TABLE XIV 


— ° 


73.5 
71. 


SPHERE-GAP SPARK-OVER VOLTAGE AND GRADIENT. 


12.5-cm. DIAMETER SPHERES—NON-GROUNDED. 


Relative 


— ÁÁ—QÀ | — I. | —— | — ——Ía— | ——Ó— | — — Ó—MÀ 


ооо 


903 
8 
eft. max. 
measured 
23. 33.65 
22.1 31.25 
21.4 30.40 
20.7 29.25 
18.73 27.95 
19.26 27.25 
18.1 25.30 
16.7 23.65 
16.2 22.90 
15.0 21.25 
13.64 10.25 
13.15 18.60 
12.65 17.95 
85 
eff. max. 
measured 

23.0 32.55 
22.85 32.30 
22.10 31.20 
21.78 30.80 
20.95 20.05 
20.85 29.60 
19.60 27.80 
19.20 27.20 
18.36 26.00 
17.50 24.80 
16.80 23.75 
15.90 22.45 
15.34 21.70 
14.05 19.85 
13.05 18.50 
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TABLE XV 
SPHERE-GAP SPARK-OVER VOLTAGES AND GRADIENT. 
12.5-cm. DIAMETER SPHERE— NON-GROUNDED. 


Relative £s 
Spacing air kv. eff. max. 
cm. in. density eff. max. measured 
12.7 5 0.982 .163.0 230.0 23.1 32.7 
Е “ 0.951 156. 221.0 22.2 31.4 
ч 5 0.917 150 212.5 21.3 30.2 
“ “ 0.88 147 . 208 20.9 29.5 
“ “ 0.846 143.5 203 20.4 29.8 
s “ 0.807 139.5 197.5 19.8 28.0 
А 7 0.78 134.5 190 19.1 27.0 
“ “ 0.736 131 185.5 18.6 26.3 
“ к 0.699 125 177 17.7 25.1 
x: ^ 0.666 120.5 170 17.1 24.2 
s “ 0.637 115.5 163 16.4 23.1 
“ s 0.598 109.5 155 15.5 22.0 
ie “ 0.561 104.5, 147.5 14.8 21.0 
“ А 0.541 101 142.5 14.3 20.2 
TABLE ХҮІ 
SPHERE-GAP SPARK-OvER VOLTAGE AND GRADIENT 
12.5-cm. DIAMETER SPHERES -- NON- GROUNDED. 
Relative £s 
Spacing air kv. eff. max. 
cm. in. density eff. max. measured 
20.32 5 0.938 198.5 281 23.0 32.6 
я “ 0.912 197 279 22.9 32.4 
* “ 0.874 189.5 268 22.0 31.1 
“ “ 
“ s 0.842 183 259 21.2 28.9 
D “ 0.804 176.5 250 20.5 29.0 
i а 0.767 169 239 19.6 27.8 
“ а 
* : 0.737 163. 231 19.0 26.8 
° s 0.704 157.5 223 18.3 24.7 
* е 0.674 151 235 17.5 24.8 
“ “ 
“ и 0.615 140.0 198.0 16.2 23.0 
к “ 0.568 130.5 1S4.5 15.1 21.4 
* s 0.528 120.5 171 14. 19.8 
“ “ 
i: “ 0.488 110 157 12.8 18.2 


1914] PEEK: THE SPHERE GAP 905 


TABLE XVII 
SPHERE-GAP SPARK-OVER AND GRADIENT 
12.5-cm. DIAMETER SPHERE-GROUNDED. 


Relative £s 
Spacing air kv eff. max. 
cm. in. density eff. max. measured 
6.35 2.5 0.908 95.5 135 21.2 30.0 
0.869 92.5 130.5 20.5 20.0 
0.828 88.6 125 19.7 27.8 
0.796 85.8 121 19.05 26.9 
0.758 81.1 114.5 18.0 25.4 
0.723 78.2 110.5 17.35 24.5 
0.69 73.2 103.5 16.25 23.0 
0.653 71.5 101 15.9 22.4 
0.62 68.2 96.3 15.15 21.4 
0.582 64.3 90.9 14.25 20.2 
0.539 60.7 85.8 13.5 19.05 
0.439 55.6 78.5 12.35 17.4 
TABLE XVIII 
SPHERE-GAP SPARK-OvER VOLTAGE AND GRADIENT. 
25-cm. DIAMETER SPHERE-—NON-GROUNDED. 
Relative £s 
Spacing air kv eff. max. 
cm. in. density eff. max. mcasured 
7.62 3 1.018 139 196.5 22.2 31.5 
0.978 133.5 189 21.4 30.3 
0.942 129.5 183 20.8 29.3 
0.906 126 178 20.2 28.5 
0.888 121.5 172 19.5 27.6 
0.839 115 163 18.4 26.1 
0.796 111 157 17.8 25.2 
0.752 105.5 149 16.9 23.9 
0.718 101.5 142 16.3 22.7 
0.685 96.2 136 15.4 21.8 
0.646 91.5 129.5 14.6 20.7 
0.608 87.0 123 13.9 19.7 
0.570 81.3 115 13.0 18.4 
0.527 74.7 105.5 12.0 16.9 
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Figs.4to 8. The points are measured values. Тһе drawn lines 
are calculated by multiplying the voltage values from the stand- 
ard curves at 6 = 1, by the correction factor k. 


k= š Vô R 
(1 0.54 ) 
VR 
The calculated values check the measured values very closely 
60 
Ë ü ЖШ 
өм 
Ё 40 ы NEN 
: = Ian 
: ps BRE 
m o 
B Ë um dp ae Bi FD EE =m 
р; s= “i PPP P ede ed 
AL ЖШ — ET Ме RUNE RE ERE as: 
"n БЕ ШЕ) = ЖЕНЕ ЖЕНЕ НІНЕН 
E RELATIVE pu DENSITY d RELATIVE UR DENSITY Z 
Fic. 4—SPARK-OvER VOLTAGE Fic. 5—SPARK-OVER VOLTAGE 
WITH VARYING AIR DENSITIES WITH VARYING AIR DENSITIES 
2.54-cm. (1-іп.) spheres. Non-grounded. 5.08-cm. (2-in.) spheres. Non-grounded. 
Spacing 3.81 cm. (1.5 in.), 0.635 cm. (0.25 in.) Spacing 5.08 cm. (2 in.). 


The equation for the correction factor was deduced from 
measurcd valucs as follows: 

From a former investigation? it was found that at 6 = 1 the 
average gradient 


e= sí +) (1) 


From the present investigation it was found that the average 
gradient at various values of 6 is 


0.54 
6 | = eó (1+ = DAL 


7. Law of Corona 111. F. W. Peek, Jr., А.1.Е.Е., June 1913. Dis- 
cussion, Feb. 1913, 
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The average measured gradients for various values of ó are given 
in Table XIX; values calculated from the equation are also 
given. The checkisquiteclose. Itshould be remembered, how- 
ever, that these are average values and that there is a small varia- 


KILÓVOLTS EFFECTIVE 


0. 
RELATIVE A R DENSITY Z 


Fic. 6—SPARK-OvER VOLTAGE WITH VARYING AIR DENSITIES 
12.5-cm. (4 15/16 in.) spheres. Non-grounded. 


2.54 cm. (1 in.) 
5.08 cm. 
7.62 cm. 
Spacing 10.16 cm. (4 in.) 
12.7 cm. (5 in.) 
17.78 cm. (7 in.) 
20.32 cm. (8 in. 


о 
© 


KILOVOLTS EFFECTIVE 


KILOVOLTS EFFECTIVE 


л 
о 


0 05 10 0 05 
RELATIVE AIR DENSITY Z RELATIVE AIR DENSITY (f 

Fic. 7—SPARK-OVER VOLTAGE Fic. 8S—SPARK-OvER VOLTAGE 

WITH VARYING AIR DENSITIES WITH VARYING AIR DENSITIES 


med (4 Vd pr ане grounded. 25-cm. (9 rey а oas 
aci .35 cm. (2.5 in.). ; .4 cm. (5 in.). 
TUS PN Spacing | 7.62 cm. (3 in.). 


tion at different spacings over this range, as already explained. 
(See Figs. 9 and 10). 
FREQUENCY 
Over the commercial.range there is no variation due to 
frequency. Fig. 11 shows spark-over curves up to 25 kv. 
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TABLE XIX 
AVERAGE EFFECTIVE RUPTURING-GRADIENTS FOR SPHERES OF SEVERAL DIAMETERS 
| AND VARYING AIR DENSITIES. 
Diameter of Spheres, cm. 


2.54 5.08 | 12.5 25 
ë Surface gradients 
Meas. Calc. Meas. Calc. Meas. Calc. Mcas. Calc. 
——— L | „ш „шш E) —— Y U „== шан ag lZ > Жаы nT ыс®ъе_ _! 

1.00 28.7 28.5 25.8 25.8 23.6 23.4 22.0 22.2 
0.90 26.2 26.1 23.7 23.3 21.8 21.2 19.9 20.1 
0.80 24.0 23.7 21.3 21.3 19.6 19.1 17.9 18.0 
0.70 21.3 21.2 19.0 19.0 17.4 16.9 15.7 15.9 
0.60 18.7 18.7 16.7 16.6 15.2 14.7 13.6 13.8 
0.05 16.1 16.1 14.6 14.3 13.0 12.5 11.6 11.7 


0.54 
Columns marked “ Calc. ” are from 8; = 19.3 ô ( + va) 


AVERAGE EFFECTIVE GRADIENT 


RELATIVE AIR DENSITY e Б 
Fic. 9—SURFACE GRADIENT AT VARYING AIR DENSITIES FOR SEVERAL 
SIZES OF SPHERES 
Drawn curves calculated. Points measured values: 


30 


AVERAGE EFFECTIVE GRADIENT 
“ә 


о S 10 15 20 25 
DIAMETER OF SPHERES Cm. 


Fic. 10—SuRFACE GRADIENT FOR VARYING SIZES OF SPHERES AT SEV- 
ERAL AIR DENSITIES. 


— 


0.51 
Drawn lines calculated from formula gs = 19.38 ( 1+ ) 
ô R 


Points measured values. 
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with 1000-cycle sine-wave current from an alternator. The 
voltage was measured by a static voltmeter calibrated at 
60 cycles. The drawn curve is the 60-cycle curve and the , 
points are measured values. Fig. 12 gives a 60-cycle curve, 
and also a 40,000-cycle curve from a sine-wave alternator. 
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KILOVOLTS EFFECTIVE 
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к к 0? SPACING, Cm. 

Fic. 11A—SPHERE САР SPARK- ° Fic. 11B—SPHERE GAP SPARK- 
OVER VOLTAGE AT 60 CYCLES AND OvER VOLTAGE AT 60 CYCLES AND 
1000 CYCLES 1000 CYCLES 

5.08-cm. diam. spheres. Drawn curve 12.5-cm. diam. spheres. Drawn curve 

60 cycles Points taken at 1000 cycles. 60 cycles—points taken at 1000 cycles. 
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KILOVOLTS EFFECTIVE 


0: 06 
SPACING, Cm. 
Fic. 12—SPHERE GAP SPARK-OvER VOLTAGE AT 60 CyYcLEs AND 40,000 
CYCLES 
Points measured at 40,000 cycles. 5.08-cm. (2-in.) spheres, not polished. 


The voltage in this case was measured by a static voltmeter. 
No special care was taken to polish the sphere surfaces. At 
low frequencies, at rough places on the electrode surface, there 
is local-over stress, but even if the air is broken down, the loss 
at these places is very small and the streamers inappreciable. 
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At continuous high frequency, say 40,000 cycles, a local break- 
down at a rough point probably takes place at the same gradient 
as at 60 cycles, but the energy loss after the breakdown at this 
point occurs may be 1000 times as great. This forms a needle- 
like streamer which increases the stress and local loss. Spark- 
over then takes place from this “ electric needle ” at a lower 
voltage than the true sphere gap voltage; thus it seems that the 
air at high frequency of the above order is only apparently of 
less strength. These “electric needles" when once formed 
may be blown to different parts of the sphere surface. The 
corona starting point appears to take place at a lower voltage 
at high frequency, because the local loss at rough points, which 
occurs before the true critical voltage is reached. is very high 
at high frequency and distorts the field and masks the true 
starting voltage. The loss at rough points starts at the same 
voltage at low frequency, but is inappreciable and cannot change 
conditions. If the sphcre surfaces are very highly polished it 
seems that the high frequency spark-over voltage should check 
more closely with the 60-cycle voltage for frequencies of the 
above order. It also seems that the curves should check very 
closely for oscillating voltage of short duration and voltages of 
moderate wave front, even under ordinary conditions of surface. 
With needle gaps the results are quite different at high and 
low frequency. More complete investigations are being made. 

Care should be taken in attempting to check voltages across 
one gap of any sort by another gap in parallel. For instance, 
if a needle gap is set so as to just spark over when a steep wave 
front voltage of a given constant value is applied,.and a sphere 
gap is similarly set, and these two gaps are then placed in par- 
allel and the same impulse voltage applied, apparent discrepancy 
results. Spark-over will take place across one gap and not the 
other, even when the spacing on the non-sparking gap is de- 
creased. This will be noticed in all cases where electrodes of 
different shapes are employed. The reason, apparently, is 
that energy is necessary to start rupture in the dielectric, the 
amount of energy varying with the shape of the electrode. 
This introduces a time element which differs for different gaps. 
Thus, in this case the '' fastest " gap will spark over and relieve 
the voltage before the other has time to spark, even if the other 
gap 1s decreased. 

It is now often said that “ high frequency acts differently, 
on insulation, from low frequency ". When the time of applica- 


4 
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tion is sufficiently short, say a few cycles, so that the effect of 
heating may be neglected, and the circuit is such that local 
concentration of potential is not possible, it is probable that a 
given high-frequency potential is less destructive than the same 
low-frequency potential. For steep wave fronts a higher vol- 
tage is required to spark over a given gap than for low fre- 
quency. Destruction of insulation. by high frequency is 
generally due to local over-voltage, and not to '' frequency ”. 
For instance, high-frequency low voltage may be applied to a 


piece of apparatus containing induction and capacity, such as . 


a transformer. On account of the capacity and inductance, 
very high local over-voltage may be built up and breakdown 
results due to over-voltage. The petticoats of an insulator 
may be broken down by an '' electric needle ", forming as de- 
scribed above, and bringing the total stress on the thin petticoat. 

Spectacular tests are sometimes made by placing an insulator 
in multiple with a gap over which an oscillatory discharge is 
taking place, such as a Tesla coil gap. This gap is set at a 
spacing that would limit the voltage to a safe voltage at 60 
cycles, yet the insulator is punctured on the oscillatory dis- 
charge. This is not remarkable. By the circuit arrangement 
many times the insulator puncture voltage is applied to the gap. 
This voltage is across the insulator for short intervals just be- 
fore the gap discharges take place. It is simply a case of over- 
potential. | 

Such tests are useful 1n many cases, but are dangerous to 
apparatus unless thoroughly understood and necessary pre- 
caution taken. 


PRECAUTIONS AGAINST OSCILLATIONS IN TESTING 


А non-inductive resistance of one to four ohms per volt should 
always be placed directly in series with the gap. For the non- 
grounded gap, one-half should be placed on each side. When 
one gap is grounded all of the resistance should be placed on the 
insulated side. One object of the resistance is to prevent 
oscillations from the test piece, as a partial arc-over on a line 
insulator, reaching the gap. Accuracy cannot be secured 
without this resistance. Another object is to limit the 
current discharge. This resistance is of special importance 
when tests are being made on apparatus containing inductance 
and capacity. If there is no resistance, when the gap sparks 
over oscillations will be produced which will cause very high 
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local voltage rise over parts of the winding. If sufficient re- 
sistance is used, these oscilations will be damped out. This 
is illustrated in Fig. 13, which shows results of a test on a high- 
voltage transformer on which a 19-cm. gap test is required. 
Referring to Fig. 13, the high-voltage winding of the trans- 
former under test is short-circuited and connected to one ter- 
minal of the testing transformer. The other terminal of the 
testing transformer is grounded. The low-voltage winding 
of the transformer under test is short-circuited, connected to 
the case and ground. Voltage is gradually applied to the trans- 


Test Transformer 
000000000 


19 Cms. 
Measuring Gap I" 


(0000000). Mid 


Trans. Under Test 


00000000000000000) | Case 


“VY 2 3 4 5 
Gap Setting 


Bul Cm»l« II cm: 


/05 Cm.-- H R-QIZ-OHMS per Volt 


9 s 2- 456m. 
Vido R -025-ОНМ5 per Volt 


132 сте a Cm: 
N R = Very Small 


R = J- OHM per Volt 
Fic. 13 


former under test until the “ measuring рар” sparks over. 
Insulated taps, 1, 2, 3, 4, 5, are brought out at equidistant 
points from the high-tension winding of the transformer under 
test. Auxiliary needle gaps are placed between 1 and 2, 2and 
3 and 1 and 3, to measure the voltage which appears across these 
sections of the winding when the main measuring gap discharges. 
The numbers on the figure between 1-2, 2-3 and 1-3, re- 
present the sparking distances of the local voltages caused 
by a discharge of the measuring gap. Four cases are given 
with different values of resistance (R) in the main gap. When 


PLATE XLII 
A. 1. E. E. 
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Rotor and Stator of the Gyro Motor. 
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Automatic Correction Dials. Setting 15 
knots, 40 deg. North Latitude. 


FiG. 12 (ғокр! 


Power-Driven Frame or “ Phantom ” ar- 
ranged to Shield the Directive Element from 
External Disturbances. 


Fic. 14 [FORD] 
Azimuth Motor for Driving the Phantom. 
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R equals one ohm per volt the local voltages are completely 
damped out. 

With small resistance in the main gap, a 19-cm. spark-over 
causes a voltage to build up between coils one and three which 
sparks over a 150-cm. gap, although the total applied voltage 
across the transformer is only equivalent to 19-cm. gap. The 
apparatus may thus be subjected to strains far beyond reason, 
and either broken down or very much weakened. Water-tube 
resistance is the most reliable. A metallic resistance, if non- 
inductive and of small capacity, may be used. Carbon or 
graphite rods should be avoided, because, although they may 
measure up to a very high resistance at low voltage, the re- 


TABLE XX 
PossiBLE ERROR DuE TO PLATES ON SPHERE SHANKS, 
(IN PER CENT) 


Non-grounded Grounded 
1.5 R. cm. Diameter Plates. 1.5 R. Grounded Plates. 
1/4 R. cm 1/4 R. cm 
cm Back of Back of 
Both One sphere Insulated Grounded 
spheres only sphere sphere 
0.5R 0.00 0.00 0.00 
2 R +0.05 1.50 +3.00 0.00 
R +3.00 7.00 +6 to 10 0.00 


Spacings are in terms of radius R. 
The error is not appreciable when the collars are at the maximum gap spacing behind 
spheres and not greater than R. cm. in diameter. This table is not meant for use in making 
corrections. The stand should be arranged so that no corrections are necessary. 


sistance may become very low at high voltage by “ coherer ” 
action. Where possible the gap should be used only to measure 
the equivalent transformer ratio and not during test. 


MISCELLANEOUS PRECAUTIONS 


In making tests it is desirable to @bserve the following pre- 
cautions: 

The shanks should not be greater in diameter than 1/5 the 
sphere diameter. Metal collars, etc., through which shanks 
extend, should be as small as practicable, and should not come 
closer to the sphere than the gap length. For the non-grounded 
case the effect of such objects is a minimum when symmetrical on 
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eitherside. Forthe grounded case the effect is considerable, ex- 
cept when the object is on the grounded side. The effect of a large 
plate or plates on the shanks is given in Table X X. This should 
show the maximum error in all cases, as the maximum gap set- 
ting, and the extreme diameter of collar that is likely to be 
used in practise, is taken. The sphere diameter should not 
vary more than 0.1 per cent, and the curvature, measured by a 
spherometer, should not vary more than 1 per cent from that 
of a true sphere of the required diameter. "The spheres should 
be twice the gap setting from surroundings. 

The author wishes to acknowledge the assistance of Mr. H. 
K. Humphrey in laboratory work and in making calculations. 
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THE ELECTRIC STRENGTH OF AIR—V 
The Influence of Frequency 


BY J. B. WHITEHEAD AND W. S. GORTON 


ABSTRACT OF PAPER 


The paper presents the account of an investigation of the 
influence of frequency on the corona, between 60 and 3000 cycles 
per second. The wire and coaxial cylinder method was used. 

A simple method for measuring the maximum value of an 
alternating voltage wave has been developed and used for 
obtaining this maximum value at the critical corona voltage. 4 
The gold-leaf electroscope was used to detect the first appear- 
ance of corona. 

It has been found that for frequencies above 275 cycles per 
second the corona voltage (maximum value) is not so 
uniform and constant as it is at frequencies in the neighbor- 
hood of 60 cycles. 

The indications of the investigation are that at 2000 cycles 
the corona voltage is lower than it is at 60 cycles by about 3 
or 4 per cent. 

The experiments revcal several interesting instances of re- 
sonance phenomena in the high-tension transformer circuits. 


N AN earlier paper by one of the authors! it was shown 
that within the range 20 to 90 cycles per second the fre- 
quency had a measureable effect on the voltage (maximum of the 
wave) at which the corona begins. The principle of the method 
of experiment is simple and will be repeated briefly here. The 
corona is formed about a wire which is stretched coaxially in a 
metal cylinder, the ends of the cylinder being closed by in- 
sulating bushings. Air may be let into the cylinder by a lateral 
tube near one end and out by a lateral tube near the other end. 
Immediately after leaving the cylinder the air passes over an 
insulated electrode which is connected to a gold leaf electroscope. 
The walls of the cylinder where the lateral tubes were connected 
were drilled with numerous small holes. "The air could thus pass 
freely and at the same time the electrode could not be influenced 
electrostatically by the presence of the highly charged wire at 
the axis of the cylinder. As the voltage applied to the wire 
1. Whitehead, Trans. A.I.E.E., 1910, Vol. XXIX, Part II, p. 1159; 
and 1911, Vol. XXX, Part III, p. 1857. 
915 
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is gradually raised a value is reached at which the air around the 
wire is ionized, that is, becomes conducting. The electroscope, 
as soon as this occurs, begins to lose its charge. Тһе cvl- 
inder was always connected to carth. 

It was found that the point at which the clectroscope began 
toleak was the same whether the air was moving through the tube 
or whether the air was at rest, and that initial ionization and the 
visual corona were always contemporaneous. It was shown 
too, that for a given size wire and tube under the same conditions 
of temperature and pressure, the corona always began when the 
voltage in its cycle reached a definite value and that this value 
was approximately the same as the maximum value of the voltage 
at which the electroscope first began to leak. Another result ` 
was that the electric ficld strength at the surface of wire when 
corona began was independent of the size of the tube. 

The value of the voltage delivered by the high-tension side of 
the transformer was determined from the ratio of transformation 
and from oscillograms taken of the voltage impressed across the 
low-tension terminals of the transformer. It was assumed that 
` the wave shape of the high-tension e.m.f. was the same as that 
of the low-tension e.m .f. 

The uniform appearance of the corona at a definite value of 
voltage regardless of position on the wave would seem to in- 
dicate that the corona voltage should be independent of the fre- 
quency. This, however, was not borne out by the experiments. 
The corona voltage was found to decrease with increasing fre- 
quency. А curved plotted between frequency and the maximum 
value of the voltage wave for the critical voltage (1.е., beginning 
of corona) showed a fairly regular decrease from 20 cycles to 90 
cycles. This decrease had the same percentage value for the 
various sizes of wire tried. Тһе voltage at 90 cycles was about 
6 per cent lower than the voltage of 20 cycles. 

The influence of frequency has been studied by comparatively 
few investigators, and far from completely. Peck?, in the range 
40 to 100 cycles per second, was unable to detect any influence 
of frequency either on the voltage at which the visual corona 
started or on the voltage at which the loss began. Very recently 
Alexanderson? has found that at 100,000 cycles per second, a 3-in. 
(76.2-mm.) spark gap between spheres 5in. (127 mm.) in diameter 
breaks down at approximately the same voltage (100,000 volts) 


2. Peek, Trans. А. I. E. E., 1912, Vol. X XXI, Part I, p. 1055. 
3. Alexanderson, General Electric Review, page 427, April 1914. 
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that it docs at commercial frequencies; a 5-in. gap between plane 
parallel plates, however, was found to break down at 30,000 
volts—a much lower value than the breakdown voltage for com- 
mercial frequencies. Recent results of Weidig and Jaensch‘ 
indicate that for increasing values of voltage above the corona- 
forming voltage, the corona starts at a lower and lower and 
ends at a higher and higher instantaneous value; this is at 
variance with the observations reported in an earlier paper of 
this series and referred to above. 

The work of the present paper was undertaken in order to ex- 
tend the observations of the corona voltage over a wider range 
of frequency. | 

EXPERIMENTAL APPARATUS 


The generator available, although structurally a unit (direct- 
driven) consisted in fact of two generators; one having 48 poles 
and the other 240 poles. At the rated full speed, 1500 rev. per 
min., one generator gave 600 cycles and the other 3000 cycles per 
second. Each machine was rated at 110 volts, 5 amperes. 
Two transformers were used, one rated at 500 watts, 100-10,000 
volts at 133 cycles per second, and a second, employed in the 
larger part of the work, rated at 3000 watts at 60 cycles. The 
low-tension winding of the latter transformer was in two 50-volt 
sections, the high-tension winding was in four sections, the rated 
voltage per section being 6250 volts. 

The high-frequency generator was driven by a d-c. 240-volt 
shunt motor. The field of the generator was supplied from a 120- 
volt storage battery. The large amount of inertia possessed by 
the revolving field of the generator prevented any sudden changes 
in speed due to changing voltage of the direct-current supply. 
The conditions were thus favorable to steadiness in the readings. 
The speed of the generator was controlled partly by the use of 
resistance in the motor armature circuit and partly by varying 
the resistance of the motor field circuit. 

Speeds from normal to three-quarters normal were obtained 
by the use of armature resistance; speeds from three-quarters 
to half normal were obtained by running the motor armature 
from the 120-volt mains and by the use of resistance in the field 
circuit. It was not feasible to run the machine at any speed 
much below half speed, because of the large field current required 
by the generator, and because of speed fluctuations. Control of 
4. Weidig and Jaensch, Electrotechnische Zeitschrift, Heft 23 and 24, 
1913. 
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the transformer voltage was effected by varying the field current 
of the generator. 

The corona apparatus proper consisted, as in the earlier ex- 
periments, of a wire stretched coaxially in a metal tube. Ata 
point equidistant from the ends of thc tube were drilled numerous 
small holes (about š in. (3.2 mm.) in diameter). "The electrode, 
which consisted of a brass disk having the same curvature as the 
tube, was placed over these holes and as near the tube as could 
be conveniently be done without having metallic contact. A 
grounded metallic shield was placed around the electrode 
and the connection to the electroscope was made through a 
hole in the shield, the wire being insulated from the shield by 
mcans of a plug of sulfur. The electroscope was a very sensitive 
one; it gave a workable deflection of the gold-leaf when charged 
to a potential of 120 volts. In the earlier part of the work the 
ends of the tube were left open, the wire being stretched between 
insulating supports situated at some distance from the ends 
of the tube. Later the ends of the tube were closed by insulating 
caps, the wire passing through holes in the caps. 


THE ÉXPERIMENTS 

Obs^rvations were first made on a brass wire 0.089 cm. 
(0.0350 1n.) in diameter in a 4.9-cm. tube. The 500-watt trans- 
former mentioned above was used. The procedure was to raise 
the primary voltage by increasing the field current of the gen- 
erator until the clectroscope began to discharge. The field 
current was then decreased until the leak of the clectroscope 
stopped, and then increased ayain. The voltage at the instant 
the leak began was read by a hot-wire voltmeter, connected 
across the low-tension terminals of the transformer. The speed 
was read by a carefully calibrated tachometer. No attempt was 
made in these experiments to determine the wave shape, this 
being a matter of some difficulty at the frequencies in question. 
In the neighborhood of 600 cycles, the electroscope began to 
leak at about 80 volts, at 1400 cycles at 73 volts and finally, 
at 2800 cycles, at 37 volts. The decrease in voltage between 
1400 and 2800 cycles was fairly regular. 

It seemed highly improbable that the corona voltage actually 
experienced as great a change as was indicated by the above 
figures. To test the matter further a high-tension electrostatic 
voltmeter was connected across the high-tension terminals of 
the transformer. 
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It was found that the corona voltage as indicated by the static 
voltmeter remained constant. The corona tube was then dis- 
connected from the transformer and at various frequencies the 
voltage was adjusted so that this voltmeter always read 10 kilo- 
volts. At 60 cycles the low-tension voltage was 82.5 volts, and 
at 2750 cycles, 31 volts. It was thus seen that the ratio of 
transformation of this transformer was over two and one-half 
times as great at 2750 cycles as it was at 60 cycles. The cause 
of this great change is evidently the capacity of the high-tension 
windings. The charging current taken by the high-tension 
windings, other things being equal, is directly proportional 
to the frequency. The reactance of these same windings is also 
directly proportional to the frequency. Consequently one 
would expect the disturbing effect of the charging current on 
the ratio of transformation to be, roughly, directly proportional 
to the square of the frequency. 

That the current taken by the transformer was leading was 
easily shown. Ап electrodynamometer connected in the low- 
tension side indicated 5.5 amperes at 2750 cycles—ten times the 
value of the current taken at 60 cycles for the same high-tension 
voltage. The large reactance of this instrument (22 ohms 
at 2750 cycles) was in this instance of great advantage, be- 
cause by applying the three-voltmeter method to the dynamo- 
meter and transformer the relative power factor of the two could 
be at once determined. The power factor of the dynamometer 
alone was determined by series connection with incandescent 
lamps (assumed non-inductive) and applying the same method. 
It was found that the current taken by the transformer at 2750 
cycles was leading the voltage by about 60 degrecs. 

For further study of this disturbing influence tests were made 
with the 3000-watt transformer described above. The high- 
tension voltage was not measured, but the effect of different 
methods of connection of the high-tension coils was studied. 
All the experiments were conducted at about 2750 cycles. A 
few examples of the results may prove of interest. With all the 
high-tension windings in series, one end of the winding connected 
to ground and the other end open, the transformer took 3.1 
amperes at 3.5 volts, the current leading the voltage by about 
20 degrees. With thc high-tension windings connected two in 
series, two in parallel, the same point being earthed as formerly, 
the transformer took 4.0 amperes at 33.5 volts, the current lead- 
ing the voltage by about 90 degrees. In both cases the low- 
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tension windings were іп series. These two cases are fair samples 
of the results found in the course of the experiments, and indicate 
that the method of connecting the high-tension windings has 
a pronounced influence on the readings of the instruments in the 
primary side of the transformer. 

There was also evidence that at one frequency within the 
range studied, the transformer was in resonance. With a certain 
arrangement of the high-tension windings and running at 2750 
cycles the switch of the driving motor was opened. With 
the resulting decrease of speed and frequency, the voltage ap- 
plied to the transformer and the current taken by it both began 
to increase and kept on increasing until it was necessary to open 
the transformer circuit in order not to injure the instruments. 
There were also indications that the principal factor in these 
effects was the capacity between winding and core and not be- 
teen successive portions of the winding. It was found, for 
example, that the readings on the low-tension side of the trans- 
former depended only upon the maximum voltage (from ground) 
reached in the high-tension winding. The effect produced by 
connecting all the coils in series and grounding the middle point 
of the winding was the same as that produced by connecting 
the windings two in series and two in parallel and grounding 
one end. 

It appears probable from the results of this paper that the 6 per 
cent lowering of the corona voltage in going from 20 to 100 cycles 
reported in the second of this serics of papers may be explained 
as a disturbance due to the capacity in the transformer; all meas- 
urements in that work were made on the low-tension side. 


MEASUREMENT OF MAXIMUM VALUE OF VOLTAGE 


It was at once evident from the results of the tests described 
above that the measurements of corona voltage would have 
to be made on the high-tension side of the transformer. This 
condition, coupled with the unreliability of the oscillograph 
for the higher frequencies, made it impossible to obtain complete 
knowledge of the wave shape, except, perhaps, by the use of 
the cathode ray oscillograph. It is possible, however, to measure 
both maximum and effective values. Obviously the former is 
the more important, and probably the determining factor in the 
formation of corona. The only method available for finding 
the maximum value is that used by Chubb and Fortescue,® 


5. Chubb and Fortescue, in Proc. A. 1. E. E., p. 627, Feb. 1913. 
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among others. The method consists essentially in applying the 
voltage to be investigated to a condenser and measuring the 
average value of the current taken by the condenser. Let V 
represent the maximum value attained by the voltage, C the 
capacity of the condenser and f the frequency. The time 
taken by the voltage in passing from its maximum value in one 


direction, toits maximum in the other, is — 2 " In this time the 
current goes from zero to a maximum and back to zero again. 
Its average value is equal to the total charge which has passed 
through the circuit divided by the time taken for the charge to 
pass. Іп symbols: 


lay 
duis (1) 


In order to measure the average value of the charging current 
taken by the condenser, it is necessary to employ a measuring 
instrument of the permanent magnet type and to rectify the cur- 
rent before it passes into the instrument, or, what amounts to 
the same thing, to allow only one-half of the current wave to 
pass through the instrument; in this latter case the reading of the 
instrument must be multiplied by 2 in order to get the average 
value of the current. Chubb and Fortescue made use of a 
mechanical device in order to have only one half of the current 
wave pass through the measuring instrument. Іп the present 
work the use of a mechanical device was out of the question on 
account of the high frequencies employed. "The mercury arc 
immediately suggests itself as a non-mechanical rectifer. The 
rectifying properties of the mercury arc when playing between 
a mercury and an iron electrode are well known. The arc per- 
mits current to flow from the iron electrode to the mercury 
with only a trifling drop of voltage in the arc; no current can 
flow in the opposite direction until the applied voltage has risen 
so high as to cause a vacuum discharge to pass through whatever 
gas may be present. The mercury arc, moreover, is a very rapid 
in action. It has been shown, for example, that the arc will 
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be extinguished if the current supply is interrupted for as much 
as the ten-millionth part of a second. Thus the ionization or 
conductivity due to the passage of the current dies out with 
enormous rapidity. 

In thc present experiments the current taken by the condenser 
could not itself be used to maintain the arc, first, on account of 
its small value, and second, because of the necessary method of 
connection (sce Fig. 2). As a consequence the cathode had to 
be kept active bv an arc (maintained bv direct current) playing 
betwcen thc cathode and an auxiliary mercury anode. The 
form of tube which was adopted after considerable experimenting 
is illustrated іп Fig. 1. The tubes were made from German soft 
glass tubing having approximately an internal diameter of 1 
cm. and walls 1 mm. thick. The iron electrode consisted of 
about 6 cm. of No. 30 iron wire which had been well oxidized 
by passing through the flame 
of a blast lamp. The object 
in making the iron electrode 
so small was to prevent mer- 
cury from condensing on it. 
In an earlier form of tubc 
the iron clectrode was much 
larger, with the result that Fic. 1 
mercury condensed on the P, platimum wire; I, iron wire; M, mercury; 

C, cathode; A, anode. 

electrode and dropped off. 

This last action interfered seriously with the proper functioning 
of the tube as, at every fall of a drop, an arc would be started, 
irrespective of the direction of the voltage acting across the gap. 
A small wire assumes the temperature of the surrounding mer- 
cury vapor much more quickly, consequently condensation is 
much reduced. The electrode was oxidized in order to prevent 
the amalgamation of the iron and the condensed mercury. The 
presence of such an amalgamated surface seems to facilitate 
condensation enormously. The tubes were exhausted while 
running until the pressure of the residual gas was less than 
0.0001 mm. 

A diagram of connections 1s shown in Fig. 2. It will be seen 
that during one half of the wave the charging current of the 
condenser passes through one of the two tubes and during the 
other half through the other tube. А direct-current volt- 
meter was used as a current-measuring instrument. This volt- 
meter was in circuit with one of the tubes; consequently, in 
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order to gct the average value of the current its reading must 
be multiplied by 2. "The voltmeter gave full scale deflection 
for a current of approximately 0.01 ampere. The 1.5-volt 
scale (resistance approximately 156 ohms) of the instrument 
was used; there was no difference in reading, howcver, when 
the 150-volt scale was used instead. "The instrument gave 
the same reading no matter with which tube it was in circuit; 
the reading was also unaffected by the presence of a similar 
instrument in series with the other tube. Each tube, more- 
over, was carefully tested for the degree of rectification. When 
the arc was playing between the two mercury electrodes a 240- 
volt difference of potential was applied between the mercury 
cathode and the iron electrode, suitable resistances being in 
the circuit for protection. When the iron electrode was positive 
with respect to the mercury cathode there was passage of current 
and the drop of potential across the tube was about 50 volts, 


Fic. 2 


A, voltmeter; S, special generator; K, condenser; M, city mains; T, corona tube. 


independent of the value of current. When the iron electrode 
was negative with respect to the mercury cathode, the volt- 
meter showed no deflection and the usc of a sensitive galvano- 
meter showed that the current flowing was not greater than 
the five-millionth part of an ampere. As the tubes were used 
to rectify currents of the order of magnitude of 0.01 ampere 
the rectification was thus practically perfect. Finally, the 
tubes were set up in series with a condenser, as shown in Fig. 
2, and tested at various frequencies from 45 to 75 cycles. The 
assumption was made that in this range of frequencies the ratio 
of transformation remaincd constant and that the wave shape 
of the high-tension e.m.f. was the same as that of the low- 
tension e.m.f. The low-tension wave form was taken from 
oscillograms. The values of the maximum high-tension volt- 
age as measured directly by the mercury tubes, and as cal- 
culated from the ratio of transformation and low-tension read- 
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ings, were the same, within the probable error of the measure- 
ments. 


MEASUREMENT OF EFFECTIVE VALUE OF VOLTAGE 


While the knowledge of the maximum value of the voltage 
so obtained seemed of greatest importance, it was also con- 
sidered desirable to determine the effective value so as to obtain 
an approximate indication of the wave form, and ratio of trans- 
formation. Concerning minor irregularities on the wave noth- 
ing, of course, can be said. An electrostatic voltmeter seemed 
to be the most suitable instrument. Ап instrument was needed 
which would give the effective value of the voltage to š of one 
per cent or better, and which at the same time could be easily 
damped. These requirements suggested a Crémieu electro- 
static-electrodynamic balance. The principle of this instru- 
ment is as follows: The voltage to be measured is applied 
to two disks, one of which is mounted at the end of one arm of 
a balance beam, the other disk being fixed and in proper relation 
to the first. The attraction between these disks is balanced 
by the repulsion exerted between two coils, one of which is 
fixed at the other end of the balance beam. A constant direct 
current from some suitable source is passed through these two 
coils, which are in series. This current is adjusted until the 
balance is in equilibrium in the same position that it occupies 
when no electric or magnetic forces are acting. The moment 
of the electric forces about the knife edge varies directly as the 
square of the voltage between the disks, and the moment of 
the magnetic forces varies directly as the square of the current 
flowing in the coils. Consequently when the balance is brought 
into the proper position of equilibrium the voltage between 
the disks is directly proportional to the current flowing in the 
coils. If, as in the present case, the voltage is alternating, 
the moment is proportional to the average square of the voltage, 
which is by definition the square of the effective value. Hence 
the effective value of the voltage is directly proportional to 
the current flowing in the coils. 

The authors were fortunate in having available a balance 
beam with a fine agate knife edge, and the usual mounting. 
All magnetic material had been carefully excluded from the 
construction of the balance and its glass case. The disks were 
of aluminum and were 10 cm. in diameter. "The distance 
between the fixed disk and the moving disk was 3.2 cm. The 
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moving coil consisted of 50 turns of No. 18 copper wire. The 
fixed coil had 1200 turns of No. 18 wire. The current was 
led into the moving balance system by means of two silver 
strips each 0.0013 cm. (0.0005 in.) thick, 1 mm. wide, and 6 cm. 
long. The points of support of a strip were 4 cm. apart, so that 
the strip had a very considerable sag. These silver strips would 
carry about 3.5 amperes before burning out. The largest 
current they were ever called on to carry was about 1 ampere; 
with this value of the current the hcating of the strips was 
never enough to cause any disturbance of the balance duc to 
air currents. The strips also had no effect on the sensibility 
of the balance, nor on the stability of the zero point. In using 
the balance, current for the coils was taken from a storage bat- 
tery. When the voltage applied to the disks was steady, read- 
ings could be repeated to within £ of one per cent. When the 
voltage was unsteady, differences as great as опе per cent 
frequently occurred. The balance was standardized at low 
frequencies, using the ratio of transformation and low-tension 
wave form. 


INFLUENCE OF TEMPERATURE AND PRESSURE 


The influences of pressure and of temperature upon the 
corona have not been investigated for frequencies above the 
neighborhood of 60 cycles. While it does not appear probable 
from the theory of ionization by collision that thesc influences 
would suffer any change up to 3000 cycles, it 15 nevertheless 
a matter of some uncertainty. "Therefore, in order to determine 
the influence of frequency alone, it was necessary to make 
Observations over the whole range of frequency within a period 
of time during which the pressure and temperature remained 
reasonably constant. Three hours was adopted as the length 
of such a period. This procedure made rather small the number 
of different frequencies at which it was possible to make obser- 
vations, but the number of points obtained was sufficient to 
give a good knowledge of the variation with frequency. In 
order to shorten the time required for each reading only the 
maximum of the high-tension voltage wave was read when 
making observations on the corona. The effective values 
corresponding to the maximum voltages used were determined 
after the corona readings, thus greatly facilitating the work 
as the effective values of all the different voltages used over 
the whole range of frequencies were readily determined in а 
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day. Referring again to Fig. 2, the voltage on the low-tension 
side of the transformer was read by a Hartmann and Braun 
hot-wire voltmeter, the series resistance of which was specially 
wound to avoid change in resistance with frequency. The 
speed of the generator was read by a carefully calibrated tacho- 
meter, accurate within 3 to 1/10 of one per cent, depending on the 
part of the scale used. 


CALIBRATION OF CONDENSERS 


The condensers used were of the Moscicki typo; the dielectric 
was glass and the condensers were filled with oil to avoid corona 
at the edges of the metalhc coatings. Each condenser had 
a capacity of about 0.002 microfarad. Now the range of 
frequency uscd was from 60 to 3000 cycles, а 50-fold increase. 
A glance at equation (1) will show that if V stays approximately 
constant over this range (as it actually dogs) zav will be pro- 
portional to the frequency for constant capacity. This state 
of affairs would mean an enormous variation of the accuracy 
with the frequency. In order to avoid such a condition the 
capacity must be varied with the frequency in such a way as 
to keep the needle of the current-measuring instrument in a 
suitable part of the scale. This was done by using one con- 
denser at 60 cycles, seven condensers in series for the range 
from 300 to 600 cycles, and all sixteen condensers in series for 
the range from 1500 to 3000 cycles. Even with the capacity 
reduced as much as possible by this means, it was impossible 
with the larger sizes of wires to go much beyond 1500 cvcles, 
because the rectified current became larger than could be mea- 
sured by the voltmcter employed; the use of a shunted instru- 
ment was, oÍ course, out of the question. 

The corona voltage at 60 cycles has been often observed; 
consequently it was sufficient in the present work to determine 
how the corona voltage varied with frequency. To this end 
onlv the relative values of the capacities of the condensers need 
be known. А special motor-driven generator, excited by a 
storage battery, furnished alternating current at about 45 cycles. 
The voltage was measured by an electrodynamometer-tvpe 
voltmeter. The frequency was measured by a Hartmann and 
Braun vibrating-reed frequency meter. Condenser No. 1 was 
put in position in the connections of Fig. 2 and the low-tension 
voltage, frequency, and rectified current read. From seven 
to nine observations were made on each condenser. Then, 
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keeping the frequency, excitation, and all other conditions the 
same, No. 1 condenser was disconnected and No. 2 connected 
in its place; then No. 3, and so on for all sixteen condensers. 
Since the condensers were of approximately the same capacity 
and the conditions were kept constant, the maximum value 
of the high-tension voltage was directly proportional to the 
effective value of the low-tension voltage, and consequently 
the value of low-tension voltage could be substituted for V in 
the formula 


las 
C = ату 


in order to find the comparative values of the capacities. "The 
capacity of condenser No. 1 was taken as the unit. The ca- 
pacity of the condensers when connected in series could be 
calculated by the usual formula. The needle of the direct- 
current instrument vibrated with the frequency of the rectified 
current, the amplitude being about one-half of a division; on 
this account the accuracy of the reading was only š per cent. 
The frequency could be read to $ per cent and the alternating 
voltage to 0.1 per cent. The accuracy of any one reading was 
consequently about 0.7 per cent. Since from seven to nine 
readings were taken, the final accuracy attained was about 
0.3 per cent. Repeated measurements on one condenser showed 
that this was actually the order of accuracy attained. 


SIZES OF WIRES AND TUBES 


Two sizes of corona tubes were used in the course of the ex- 
periments, one having a diameter of 4.58 cm. and the other a 
diameter of 6.35 cm. The diameters of the wires used were as 
follows: 0.817 cm. (0.1249 in.), 0.234 cm. (0.0924 in.), 0.194 
cm. (0.0763 іп.), 0.164 cm. (0.0644 in.), 0.106 cm. (0.0418 іп.), 
0.089 cm. (0.0350 in.). All of these sizes were of brass, except 
the wire 0.194 cm. in diameter, which was of tool steel. The 
smaller sizes were made straight by heating with an electric 
current while under tension. The larger sizes were rods which 
needed no such treatment. Each time before being used the 
wire was polished with the very finest emery paper until the 
latter became glazed with brass. A final polish was given with 
tissue paper. This treatment produced a very good polish. 
In the earlier part’of the work the tube was left open at the ends; 
for the most part, however, the ends were closed with insula- 
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ting caps. Nodifference between the two cases could be de- 
tected. 


ACCURACY OF OBSERVATIONS 


The rectified current could be read to 0.1 per cent at fre- 
quencies of 300 and more, the needle standing without vibration. 
The speed could be read always to 5 per cent and generally 
still more closely. The capacity of the condensers had been 
determined to 0.3 per cent. Consequently any one observa- 
tion of the maximum voltage at 300 cycles and over was accur- 
ate to 0.6 per cent. At 60 cycles the rectified current could 
be read to 3 per cent, the frequency (the generator was not 
readily áccessible) to 3 per cent, and the capacity, as before, 
was determined to 0.3 per cent. The accuracy was conse- 
quently at 0.8 per cent. For convenience, the current re- 
quired to deflect the direct-current voltmeter one scale division, 
and the capacity of condenser No. 1, were chosen as units of 


observation. The formula for the maximum voltage then 
becomes 


E 
daa (2) 


k being a constant of the apparatus and E the reading of the 
voltmeter. It was assumed, on the basis of information from 
the Bureau of Standards, that the capacity of the Moscicki 
condenser varies only a fraction of one per cent over the range 
of frequency investigated. 


THE OBSERVATIONS 


It was possible in the three-hour period mentioned above, 
to make one or sometimes two sets of observations at 60 cycles, 
two sets in the neighborhood of 600 cycles and several sets 
between 1500 cycles and the maximum frequency obtainable 
as limited by the rated speed of the machine or more often by 
the capacity of the direct-current instrument. Each set of 
readings consisted of from five to twelve observations of the 
corona voltage. Ав a general thing, repeated sets of observa- 
tions agreed very closely, that is, within a few tenths of one 
per cent, but sometimes they would differ by as much as 2 per 
cent. “These differences could not be accounted for. The 
constancy of the corona voltage was not always such that full 
advantage could be taken of the accuracy of the method, and 
apparent constancy of conditions. The following table is an 


1914] THE ELECTRIC STRENGTH OF AIR—V 929 


example of a set of readings in which the agreement was very 
good: 


| D-C. Instrument Low-tens. voltage of Speed in rev. per 
trans. min. 

| 140.2 102.3 968 

| 140.5 ) 102.3 968 

i 140.0 102.0 973 

| 140.0 102.7 968 
140.0 102.1 968 

| 140.0 102.1 

| 139.5 102.1 969 

| 139.3 101.5 

| 


139.8 102.1 968 


The following table is an example of a rather bad set: 


D-C. Instrument Low-tens. voltage of Speed in rev. per | 


trans. min. : | 

| 

89.0 1050 | 

91.0 Off scale 1038 | 
90.8 1038 
91.0 $. e., over 130 volts. 1038 
90.3 1038 

90.9 1038 ' 

91.9 1037 | 


The results for the tube 4.58 cm. in diameter are given in 
Table I, and those for the 6.35-cm. tube are given in Table II. 
The voltages given were calculated by means of formula (2). 
These results are plotted in Figs. 3 and 4 respectively. In 
these figures the points of each set are connected by straight 
lines in order to make interpretation easier. Each point rep- 
resents a series of from five to twelve observations. 

Table III gives the values of effective high-tension voltages, 
ratio of transformation, and peak factor, that is, ratio of max- 
imum to effective high-tension voltage, for various voltages 
and frequencies over the entire range explored. The maximum 
values are those observed with the condenser and mercury-arc 
rectifier apparatus as described. The peak factor at 60 cycles 
was about 1.48. The range of peak factors obtained in the 
course of the observations consequently is from 1.66 to 1.27. 
The wave of voltage, therefore, did not depart greatly from 
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TABLE 1 
CoRoNA VOLTAGES FOR WIRES IN TuBE 4.58 cM. IN DIAMETER. 


Diam. of Series Frequen- | Voltage | Diam. of | Series of |Frequen- | Voltage 


wire of cy in ey- | — wire observa- | cy in cy- — 
obser- cles per k tions cles per k 
vations | second second 
0.317 cm. 59.0 1.242 59.6 0.904 
(0.1249 in.) 1338 1.191 568 0.877 
1680 1.202 576 0.893 
———— | n Əhw 1 1376 0.895 
59.2 1.079 1418 0.888 
558 1.061 1754 0.885 
575 1.063 0.164 cm. 2176 0.884 
1 1368 1.048 (0.0644іп.) 2412 0.850 
1372 1.060 — K 
0.234 cm. 1914 1.042 58.9 0.919 
(0.0924 in.) 1948 1.043 587 0.852 
--------- 1378 0.856 
58.5 1.081 2 1396 0.886 
583 1.039 1730 0.878 
1362 1.037 2110 0.880 
2 1370 1.053 2372 0.875 
1826 1.037 
| 1968 1.047 58.3 0.928 
584 0.880 
58.0 1.076 3 1368 0.885 
585 1.040 1674 0.894 
1365 1.038 2054 0.890 
3 1672 1.043 |---------------:>-- 
1970 1.041 59.5 0.758 
2076 1.042 573 0.738 
— — ------ 1 575 0.738 
59.5 0.998 2640 0.737 
1 569 1.960 2650 0.739 
2006 0.976 0.106 cm. 2822 0.728 
—————— —-|(0.0418 in.) 
58.8 0.999 59.1 0.748 
566 0.977 598 0.728 
2 567 0.973 598 0.729 
1336 0.956 2 1116 0.716 
0.194 cm. 1584 0.982 2134 0.725 
(0.0763 in.))|—Éd ——  I))— v Úhcp - 2908 0.700 
(tool steel) 60.5 0.995 2966 0.700 
590 0.950 
590 0.951 
1370 0.968 59.5 0.689 
3 1410 0.963 60.0 0.683 
1692 0.967 1 558 0.686 
2058 0.967 0.0S9 cm. 570 0.650 
2122 0.058 (0.0350 in.) 2822 0.666 
59.4 0.683 
573 0.683 
2 1406 0.680 
2792 0.677 


1914] THE ELECTRIC STRENGTH OF AIR—V 931 


the sine shape. The ratio of transformation of the transformer 
increased between 60 cycles and 2958 cycles by about 30 per 


cent. 


TABLE II 
CORONA VOLTAGES FOR WIRES IN TUBE 6.35 cM. IN DIAMETER. 


Diam. of | Series of |Frequency| Voltage 


Diam. of | Series of |Frequency| Voltage 


wire observa- | in cy- wire observa- in cy- 
tions cles per k tions cles per k 
second second 
59.8 1.370" 58.6 0.994 
1 578 1.313 585 0.955 
1294 1.338 1 1372 0.961 
1622 1.313 1740 0.952 
0.317 cm. —VY 2102 0.959 
(0.1249 in.) 59.4 1.362 _ 
274 1.402 272 1.031 
346 1.373 2a 274 1.037 
. 423 1.361 0.164 cm.| (without 347 1.031 
2 502 1.366 (0.0644 in.) series in- 473 0.982 
566 1.360 |ductance | 528 1.016 
1298 1.350 inlow-ten- 584 1.004 
1440 1.350 sion  cir- 
1638 1.336 cuit.) 
58.3 1.198 2b 275 1.039 
1 585 1.147 (with 346 1.019 
1360 1.148 series in- 388 0.996 
1684 1.161 ductancc 423 0.982 
————- in low- 463 1.010 
58.9 1.186 tension 528 1.011 
284 1.223 circuit.) 570 1.019 
316 1.212 -------- ————|— 
354 1.191 58.7 0.796 
' 467 1.091 59.4 0.795 
2 | 529 1.166 0.106 cm. 594 0.765 
0.234 cm. | 566 1.191 |(0.0418 in.) 1 1388 0.776 
(0.0924 in.) ! 570 1.181 1766 0.770 
| 1098 1.166 2134 0.775 
| 1460 1.170 2644 0.761 
1848 1.151 ————- = 
58.1 1.175 
58.6 1.191 
274 1.191 
342 1.197 
3 | 421 1.164 
469 1.122 
527 1.159 
570 1.174 
1392 1.174 
DISCUSSION 


Referring to Figs. 3 and 4, it will be noticed that there is a 
, considerable amount of irregularity in the locations of the 
successive points with reference to smooth curves. This 
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result has been a surprise and a disappointment. Much care 
was taken to obtain the best conditions of accuracy in all of 
the instruments used. Further, during any one set of obser- 
vations, there was never any indication of varying conditions. 
Consecutive readings taken in any one set of conditions repeated 
themselves accurately for the most part, and in altering the 
frequencies there was no suggestion, during the observations, 
of unstable conditions (except in one region, as described below). 
No cause could be found for the difference between the obser- 


TABLE III 
RATIO OF TRANSFORMATION AND PEAK FACTOR 


Frequency Ratio of Peak fac- Frequency Ratio of |Peak fac- 
in cycles Low- trans. tor in cycles Low- trans. tor 
per tension per tension 
second voltage R p P second voltage | R P 
58.4 90.6 | 1.000 1.000 | 
592 54.0 |2 X1.049 0.860 58.0 89.9 | 1.000 1.000 
594 40.1 |2 1.048 0.869 274 125.5 | 1.007 1.120 
1382 62.0 1.033 0.920 274 115.5 | 1.007 1.120 
1370 93.4 1.040 0.946 350 ‚| 101.5 | 1.012 1.028 
1732 92.6 1.074 | 0.920 344 | 130.0 | 1.017 | 1.078 
2136 50.2 1.100 0.913 417 | 130 1.017 1.028 
2112 73.2 1.131 0.921 427 53.0 0.991 1.037 
2080 94.0 1.148 0.923 471 37.1 |2X1.027 0.907 
2392 46.5 1.189 0.912 458 | 65.8 |2X1.011 0.888 
2264 78.5 1.158 0.923 522 75.5 |2X1.014 0.889 
2958 _ 44.9 1.310 0.908 526 51.5 |2 X1.031 0.885 
526 32.5 |2X1.052 0.881 
558 74.5 |2X1.038 0.894 
556 61.0 |2X1.032 0.896 
560 46.9 |2X1.021 0.896 
556 33.3 |2 1.037 0.900 


Р = peak factor of 60 ~ generator = 1.48 approx. 
К = ratio of transformation at 60 ~ = 125.1 : 1 or 250.2 : 1. 


vations over the same range from one day to another. Тет- 
perature and pressure were eliminated as possible causes for 
these differences by successive series of observations under 
the same conditions, approximately, as to 'temperature and 
pressure. 

There seems, however, to be no doubt that there is a de- 
crease in the corona voltage, amounting to about 3 or 4 per 
cent, in increasing the frequency from 60 cycles to 2000 cycles 
or over.. This decrease is apparently more pronounced for 
the larger sizes of wire. 
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It will be noticed that the points showing most serious de- 
parture from a regular curve are those for frequencies within the 
range 300 to 600 cycles. The observations in this range have 
caused much trouble and for this reason the curves have been 
drawnin dotted linesindicating uncertainty as to the observations. 
As nearly as could be determined, there was a tendency for the 
maximum corona voltage to take a sharp dip in passing through 
this range. There were, however, several accompanying con- 
ditions of experiment which may well account for the irregular 
results. For example, the connection of the high-tension winding 
of the transformer had to be altered in this range in order to 
make the necessary change in the corona voltage. Attention 
has alrcady bcen drawn to the influence of this change on the 
charging current of the windings. It will be seen from Table 
III that there is evidence of a difference in the high-tension wave 
form for the series connection and the parallel connection of the 
two halves of the high-tension winding. Further, at about 425 
cycles, and within a certain range of field excitation of the gen- 
erator, there was a pronounced evidence of resonance in the high- 
tension circuit. On the smallest possible change in the field 
current of the generator, the reading of the d-c. instrument, in- 
dicating the maximum voltage, increased sharply from 35 to 
80. Observations taken at this frequency on a larger wire and 
for values of voltage above the unstable region, showed no 
unusual conditions other than a slight irregularity of voltaye 
which was readily damped out by series inductance in the 
low-tension circuit. 

Still further evidence of abnormal conditions in the range 
300 to 600 cycles was found in the different results obtained in 
the series and parallel connections of the high-tension winding 
Between 270 and 425 cycles with the series connection a spark 
would pass betwcen wire and outer tube at a voltage only about 
5 that required to produce corona when the high-tension winding 
was connected in parallel. The same phenomenon was ob- 
served in the range 450 to 600 cycles, with the exception that 
the parallel connection gave the spark at low voltage. This 
spark was intermittent, apparently localized, and very different 
from the usual uniform corona. The impression made was that 
there was a series of short impulses of abnormally high voltage: 

While it is evident, therefore, that there were a number of 
abnormal conditions surrounding the observations in the region 
300 to 600 cycles, there is no obvious reason why, if the conditions 
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werc steady, the maximum value of voltage could not have been 
picked out by the mercury arc peak voltmeter. There is every 
indication that the mercury arc is instantancous in action. 
Nevertheless, there seems to be no other conclusion than that 
the conditions of resonance described above introduced very 
bricf voltage impulses of high value which the mercury arc and 
condensers did not pick out. Considerable variation was ob- 
tained in the wave form by connecting the armatures of the 
two generators in series, thus obtaining a prounounced fifth 
harmonic. There was no resulting variation of the corona volt- 
age; such variation, however, could hardly be expected unless 
the frequencies were far higher than 3000 cycles. 

The corona from 1500 cycles upward appears also to differ 
qualitatively from that at lower frequencies. [t is a common 
observation at 60 cycles that the gold-leaf of the electroscope 
descends in a jerky fashion when corona voltageisreached. The 
time taken for complete discharge is about 30seconds. This has 
been attributed to the exact constancy of the corona voltage 
and the usual slight variation of the impressed voltage. From 
300 to 600 cvcles the electroscope discharged quickly but steadily, 
the time for discharge being one or two seconds. From 1500 
to 3000 cvcles the electroscope discharged in a very small fraction 
of a second, the gold-leaf descending practically instantaneously. 
There is absolutely no indication of lcak before any of these 
observations. 

А further interesting phenomenon at the higher frequencies 
was the vibration of the wire in the сазе of the open tube, when 
the points of suspension were some distance beyond the ends. 
At 1500 cvcles the presence of corona caused the wire to vibrate 
greatly. There was no vibration before the appearance of the 
corona. The tension on the wire was altered through a wide 
range, but the vibration persisted unchanged. There is ap- 
parently, therefore, no connection between the frequency of 
the voltage and the natural period of vibration of the stretched 
wire. At 60 cycles the wire remained perfectly steady, even 
when surrounded by a strong corona. These vibrations, there- 
fore, are apparently forced vibrations due to some property of 
the corona. 

In considering the possible influence of the frequency on the ap- 
pearance of corona in terms of the theory of secondary ionization 
or ionization by collision, there are three possible ways іп which 
this influence might act: (1) The conditions of stable equilibrium 
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of the systems of vibrating electrons within the atom of the 
gas would be affected in different degrees by periodic electric 
forces of different frequencies. (2) With increasing frequencies 
the time during which a single free moving electron is acted 
on by the electric force іп one direction would be less; conse- 
quently the velocity acquired and energy available for ionization 
by collision would be less. (3) It has been suggested that 
the corona occurs when the density of ionization in the gas 
at the surface of the wire reaches a certain value. This in- 
crease in density results from the passage inward of electrons 
from a distance. As they move in they create more ions by 
collision. More ions are created on the inward path than 
are lost by recombination during the reverse half of the 
alternating cycle. At higher frequencies the rate at which the 
ions would reach the wire would probably be lowered, thus de- 
manding a higher voltage for the appearance of corona. 

Of these three possible methods of explanation the first two are 
apparently untenable, certainly for the range of frequencies 
investigated in these experiments, by reason of the fact that the 
periods of vibration within the atom and the time during which 
an electron passes from one collision to another, are infinites- 
imally small compared with the time of reversal of the electric 
force at the frequencies investigated. 

The experiments were carried out in the Physical Laboratory 
of the Johns Hopkins University. The authors wish to acknowl- 
edge the valuable assistance of Professor A. H. Pfund in con- 
nection with the mercury lamps and of Mr. M. W. Pullen at 
various times throughout the work. 


SUMMARY 


The most important results of the work are as follows: 

(1) The corona voltage at 2000 cycles is lower by 3 or 4 per cent 
than it is at 60 cycles. 

(2) The corona in the range 300 to 3000 cycles has a number 
of qualitative differences from that at 60 cycles. 

(3) Convenient methods for measuring high-tension maximum 
and effective voltages at frequencies up to 3000 cycles have been 
devised. 

(4) An instance of resonance due to the capacity of the high- 
tension windings of a transformer is recorded. 
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SPHERE GAP DISCHARGE VOLTAGES AT HIGH 
FREQUENCIES 


BY J. CAMERON CLARK AND HARRIS J. RYAN 


ABSTRACT OF PAPER 


The paper describes a series of experiments made by the 
authors to determine the values of steady high-frequency, 
high-voltage currents required to discharge between seven- 
inch copper spheres in air, at ordinary temperatures and baro- 
metric pressures. А 15-kw. arc generator was used as the source 
of high-frequency sustained high voltage, and the apparatus 
employed in securing and measuring currents of 123,000, 
255,000 and 612,500 cycles is described in detail. 

The sphere-gap standard consisted of electrolytic copper 
spheres mounted on the ends of brass tubes in treated wooden 
frames, and the gap lengths were accurately determined by means 
of calipers and micrometer screw or steel scale. 

The results obtained are given in Tables II and III and 
are also charted in curves I and II, Fig. 5. The 123,000-cycle 
values show a right line relation between sphere gaps and 
discharge voltage, which line, when extended, passes through 
the origin. The high-frequency voltages are almost uniformly 
4.5 kv. below the 25-cyc ЖЕ voltages observed Бу Chubb ала 
Fortescue. 


INTRODUCTION 


HE predatory character of high-frequency currents due 
to accidental causes on transmission lines is now generally 
recognized, especially with reference.to insulation. The modern 
high-power radiotelegraph has encountered occasional diffi- 
culty in the maintenance of insulation that is also stressed with 
high-frequency high voltage. These facts have emphasized 
the need of more quantitative knowledge of high-frequency 
phenomena. To obtain this knowledge many laboratory 
studies and measurements will have to be made to provide 
more conclusive data and trained mental equipments required 
to interpret causes of insulation failure and to eliminate them. 
To aid in these matters we have undertaken to determine 
the values of steady high-frequency high voltages required to 
discharge between seven-inch (17.7-cm.) copper spheres, in air, 
at ordinary temperatures and barometric pressures. 
937 
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HIGH-FREQUENCY SUSTAINED HIGH-VOLTAGE SOURCE 


A 15-kw. Poulsen-Federal arc generator was used. See 
Fig. 1. The arc is drawn in a powerful magnetic field and 
surrounded by water-cooled illuminating gas. А slowly-rotat- 
ing carbon rod forms the cathode, and a water-cooled bronze 
lug forms the anode. The characteristics of this particular 
arc have not as yet been fully determined. At 17.6 amperes 
direct current through the arc and 12.5 amperes alternating 
current at 123,000 cycles per second in the oscillating circuit 
the arc is stable at 1200 continuous volts. Under these con- 
ditions the resistance ballast at R is all cut out, and the power 


Fic. 1 


consumed in the oscillating circuit is chiefly that lost in the car- 
borundum safety resistance rods, SR, in series with the sphere 
сар. This power amounts to about onc kw. There are two 
of these rods, cach 83 in. (222.25 mm.) long and š in. (19.05 
mm.) in diameter. The charging current taken by the seven- 
inch (17.7-cm.) spheres at 123,000 cycles is sufficient to main- 
tain the rods at a bright cherry-red temperature. 

The insulation of the field coils of the arc generator must be 
extra heavy as the duty put upon it is severe. The outer 
terminals of the coils are connected to the anode and cathode 
of the arc. Correspondingly, the inner terminals are connected 
to the inductances that protect the direct-current generator 
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from “static” Adjustable static arrester gaps shunt these 
field coils to short circuit the ‘ kick " of the field when the arc 
breaks. The arc will break occasionally, stopping the current 
through the field coils with suddenness. The discharge from 
these field coils will puncture their own insulation and that of 
the direct-current generators if such inductances and dischargers 
are not used. For greater safety in this regard, a series of carbon- 
filament incandescent lamps connects across the terminals of 
the generator. The middle of the series is grounded. Two 
7.5-kw., 600-volt direct-current generators furnish current to 
the arc-generator. They are connected in series, with their 
mid-connection grounded. The first machine is separately 
excited from a 125-volt source. The 600-volt field of the second 
generator is excited with current taken from the armature of 
the first generator. Thus a rheostat in the field of the first 
generator controls the total direct-current supply voltage. 
This rheostat 1s mounted so that one can conveniently use it 
to adjust the direct-current supply voltage when he 15 starting 
the arc generator or adjusting its action. 

The arc generator equipment includes one 50-amperc, direct- 
current ammeter showing the average direct current drawn from 
the continuous-current supply generators; one 30-атрете 
Hartmann and Braun “ hot-band " ammeter measuring the high- 
frequency amperes circulating in the oscillating circuit; one 
voltmeter for reading the continuous-current supply voltage; 
and a high-frequency voltage gage connected across the arc 
to enable one to know the voltage duty demanded of the arc 
to set up a given current in the oscillating circuit. The last 
instrument is casily made by ‘connecting a one-ampere hot- 
wire ammeter in series with two pairs of common tin sheets 
5 in. (12.7 mm.) separation, functioning as a condenser, and 
connected across the arc. The charging current taken by 
such condenser as indicated by the hot-wire ammceter is roughly 
proportional to the high-frequency voltage duty demanded of 
the arc. Such voltage is decidedly of irregular wave form so 
that this instrument functions simply as a voltage gage. 

The inductance in the oscillating circuit is made up of ap- 
proximately 2000 ft. (609.6 m.) of 1-іп. (6.3-mm.) soft copper 
tubing, forming six helices of 25 turns cach. Each helix is mount- 
ed on six hard-rubber rods. Тһе helices have graded di- 
ameters sothai they may be telescoped to form one six-helix 
inductance or a pair of inductances of threc helices each. The 
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travel of the turns is the same for all helices,—an important 
matter when these large inductances are to be formed by telc- 
scoping. When the travels are not the same, t.e., when they 
reverse from layer to layer as in tHe ordinary solenoid, the 
distributed capacity of the inductance is broken into chunks 
causing turbulent interference with the growth of the oscillat- 
ing current. In a nest of helices the circuit leads through 
the first from the bottom turn to the top turn, thence down- 
ward to the bottom turn of the next helix, then out at the top, 
and again in at the bottom of the next, and so on through the 
whole set. Oscillating currents are easily driven through in- 
ductances of this sort when connected in series with suitable 
condensers. Even with this favorable construction the helices 
may not be nested in a single set because the duty demanded 
of the arc will easily exceed its voltage capacity before a fair . 
value of high-frequency current has been set up. It is neces- 
sary to mount the helices in two sets, preferably of equal in- 
ductances. Then, when a single condenser is connected sym- 
metrically between the two inductances, and in series therc- 
with, the phase displacements that the oscillating currents 
encounter with respect to the arc are opposed and balanced. 
The high-frequency voltage duty demanded of the arc is cor- 
respondingly hght. Without resorting to delicate balancing, 
50,000 volts and 12.5 ampcres at a frequency of 123,000 cycles 
per second may be developed in this apparatus. With greater 
care in balancing than we have so far employed, higher oscil- 
lating voltages can doubtless be developed. 

The main condenser in the oscillating circuit is made up as 
shown at C in the diagram of the complete outfit given in Fig. 1. 
Each electrode is formed of cylinders of galvanized sheet iron 
seven ft. (2.1 m.) long and five in. (127 mm.) in diameter, equip- 
ped with hemispherical ends. They are also equipped with 
hooks and eves so that chains of parallel cylinders may thus 
be formed. The capacity can be increased or decreased by 
attaching and detaching one or more of these cylinders from 
each of the two electrode chains. This feature enables the 
capacity in the oscillating circuit and, therefore, the frequency, 
to be varicd over wide limits. At present this main condenser 
is equipped with a chain of four cvlinders at each electrode. 
The chains hang in a vertical plane between a pair of neutral 
plates forming a hood about the capacity evlinders as shown 
in Fig. 1. The frames of these plates are made of common 
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galvanized iron pipe, š in. (19.05 mm.) internal diameter; the 
bodies of the plates are constructed of galvanized iron, 23-mil 
sheets. The plates are tied together with a conductor. They 
are insulated from ground for a small portion of the total oscil- 
lating voltage, for unless special care is taken there is some 
unbalancing that scts up a potential between the plates and 
ground. The illustrations, Figs. 2, 3 and 4, give an idea of the 
actual manner in which the above parts of the generating equip- 
ment are formed and arranged. To the capacity of the main 
condenser there is necessarily added the capacity of the con- 
centric-cylinder voltmeter condenser, V, Vs; to be considered 
later. 

In the final stage of the present undertaking, the number 
of helices was doubled by placing the six copper tubular helices 
in one nest and by the addition of a set of six helices of the 
same size, in which the conductor used is a “ flat magnet wire ” 
0.34 by 0.04, in (8.6 by 1 mm.) in section. The latter set was 
made up, primarily, to serve as a protective inductance at the 
main terminal of a low-frequency high-voltage series of trans- 
formers, the other main terminal being grounded. However, 
by giving the helices of this set proper dimensions they could 
be used along with the regular set for the generation and measure- 
ment of higher voltages at lower frequencies in the standard- 
ization of the sphere-gap voltmeter. When using the largest 
capacity and self-induction that the equipment thus provided, 
12.5 amperes at 100,000 volts and 85,000 cycles per second are 
produced in the oscillating circuit. Correspondingly when the 
capacity is reduced to the lowest practicable limit, viz., that of 
the voltmeter condenser and the self-induction is limited to 
that of the pair of small innermost helices, 8.1 amperes and 
13,000 volts at 612,500 cycles are produced. 

The carborundum protective resistance in series with the 
sphere-gap voltmeter could not be used at frequencies much 
above 123,000 cycles. This is due to the magnitude of the charg- 
ing currents inevitably taken by the spheres and their connec- 
tions, which cause excessive losses in resistances proportioned 
so as to limit properly the 1200-volt direct power-current that 
follows a discharge across the gap. At higher frequencies a 
fine-wire fuse, guarded to prevent corona, was used to limit 
the injury produced by the power currents. The capacity of 
the fuse must necessarily be large enough to carry the charg- 
ing currents taken by the spheres and their connections. On 
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this account such fuse capacity cannot be made small enough 
entirely to prevent injury to the spheres. To overcome this 
difficulty in the later stages of the work, when frequencies higher 
than 123,000 cycles were used, the Fortescue-Chubb-Farns- 
worth mounting for the spheres had to be slightly modified. 
The brass rods supporting the seven-in. (17.7-cm.) spheres 
were terminated in shallow cups with inside surfaces fitting them. 
The spheres were then mounted upon these cups, being hcld in 
place by thin sheet brass halters and rubber bands. These 
changes in the sphere gap standard do not appear to be of 
material consequence as affecting its integrity for the present 
class of measurements, while thev permit the spheres to be 
rotated when their adjacent surfaces have been injured so as to 
bring into usc new and uninjured surfaces. By this means the 
reliable useful life of the spheres is prolonged to such an extent 
that their renewal cost becomes nominal. 


HIGH-FREQUENCY METER 

In the present undertaking a reliable frequency or wave 
meter 1$ of prime importance. The frequency meter employed 
was made by connecting an inductance standard in series with 
a variable condenser of reliable make and of a type commonly 
employed in radio-work. Three entirely independent methods 
were emploved for standardizing this meter. 

1. Ву Calculation: In this method the value of the in- 
ductance was calculated. The conductor used in its construc- 
tion was enamel-insulated litzen draht, silk jacketed. When 
constructed, the dimensions were obtained with some care. 
Perry's formula! and Doggett’s method? were used to calculate 
independent values of the inductance. The results obtained 
were 879.0 and 882.5 microhenrys. The variable condenser 
was compared with a standardized condenser of the Federal 
Telegraph Company. It was also compared with an air-core 
standard formed of two concentric brass tubes. The scale of 
the condenser was found to be true and linear. Its total ca- 
pacity at the 180-deg. setting compared with the Federal stand- 
ard was found to be 0.00405 microfarad and with the brass tube 
standard 0.00407 microfarad. 


1. Perry's Approximate Self-Inductance Formula. Bulletin, Bureau 
of Standards. Vol. 8, No. 1, p. 136. Jan. 1, 1912. 

2. Leonard A. Doggett. The Inductance of Air-Cored Solenoids. 
Electrical World, Vol. 63, p. 259, January 31, 1914. 
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II. By Direct Measurement, as follows: At a definite setting 
of the wave meter the current through and the voltage across 
the terminals of the meter condenser were rcad. А one-ampere 
Hartmann and Braun hot-band ammeter was used for the 
current and a Kelvin multicellular electrostatic voltmeter for 
the voltage. The latter instrument is essentially an air-core 
condenser. Its capacity could be determined conveniently 
and accurately by noting the change in the frequency meter 
reading that was causcd by its presence. An exact correction 
on its account could therefore be made. The frequency was 
then calculated from the simple and well known relation of 
voltage current and capacity. This value was found to be 
123,000 cycles to check with 122,500 cycles obtained by method I. 

III. The wave meter was then taken to the factory of the 
Federal Telegraph Company іп Palo Alto. "There, through the 
courtesy of Mr. Ralph Beal, it was compared with the wave 
meter that had been standardized by the Bureau of Standards. 
The two wave meters were found to be in close agreement, 
differing only by + per cent. 

For higher frequencies the wave meter was recalibrated bv 
method II to eliminate errors that appear duc to the internal 
capacity of the wave meter inductance. 


HIGH-FREQUENCY HIGH-VOLTAGE METERS 


The high voltages generated in the main condenser, C, Fig. 1, 
of the oscillating circuit, contain pure sine waves of a single 
frequency only. The rough pulsating voltages of the gencrator 
arc are completely absorbed by the main inductances, L, Le, in 
the oscillating circuit. A reliable voltage meter was, therefore, 
made out of a suitable condenser of known capacity connected 
in series with a hot-band ammeter that is free of frequency effects. 

For balancing purposes and to employ convenient dimensions 
in other respects, it was found best in the present work to make 
up and use two of these condenser-type voltage meters. The 
manner of their construction is shown at ViV2 in Fig. 1. They 
were made in principle the same as that used by Chubb and 
Fortescue in standardizing the Farnsworth-Fortescue sphere 
gap voltmeter.2 Each condenser was made concentric and near 
to these specified dimensions: Outer cylinder: inner diameter 
11.0 in. (27.9 cm.) length 72 in. (1.8 m.). Inner cylinder: outer 
diameter 7.0 in. (17.7 cm.), gross length, not including wood- 


3. L. W. Chubb and C. Fortescue, Proc. A.I. E. E., Feb. 1913, p. 627. 
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mounted hemisphcrical tinfoil-covered end caps, 61.0 in. (1.54 m.) 
T wo central sections effective for use; onc, length 12 in. (30.4 ст). 
the other 24 in. (60.9 cm.); total when connected in multiple 
36 in. (91.4 cm.). These cylinders were constructed of 23-mil 
galvanized iron. The inner cylinders were carried on a nineft. 
(2.7-m.) length of common 1 3/4-in.(3.44-cm.) galvanized iron 
pipe. The outer cylinders were mounted one over the other, in 
an A-frame of wood, insulated on porcelain cleats from the 
cement floor against the small differential voltage; the inner 
cylinders were supported in position by sash cords. This sup- 
port was made adjustable for centering by wedges. Errors due 
to eccentricity were measured and found to be negligible by 
noting changes in charging currents indicated by a synchronous 
commutator and portable direct-current galvanometer. The 
high-frequency, high voltages were applied to the inner cylinders 
by connecting to the pipe ends remote from the arc-generator. 
On the pipe ends facing the main inductances and the arc-gener- 
ator, metal guard hoods were attached, 4,4. In them, five- 
ampere or опе-атреге, hot-band ammeters were mounted and 
connected in series with the pipe and the central insulated con- 
denser sections, so as to measure the charging current taken by 
such sections. The fronts of the hoods were made hemispherical 
of fine wire mesh to admit light. Through these, openings were 
cut to facilitate reading the ammeters from a distance by means 
of telescopes. An observer going near enough to read these 
instruments with the unaided eye would greatly disturb the bal- 
ance of the oscillating system, cutting down the high frequency 
voltage sometimes by as much as 50 per cent, through the in- 
creased duty demanded of the arc when circulating current in an 
unbalanced circuit. Since the capacity values of the used sec- 
tions of these condensers are made definite in terms of their 
linear dimensions by means of the guard ends, calculation was 
relied upon entirely to determine such values. In the upper 
cylinder the total capacity of the 36 in. (91.4 cm.) of used section 
was found to be 0.0001140 microfarads, and correspondingly, 
for the lower cylinder 0.0001145 microfarads. In obtaining the 
results herein reported, a five-ampcre ammeter was used 1n series 
with the 0.0001145 microfarads in the lower cylinder and a one- 
ampere ammeter in serics with one third of the aggregate 
0.0001140 microfarads available in the upper cylinder. 

For safety, the outer upper and lower cylinders, which operate 
nearly at ground potential, are connected to the electrodes of a 
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horn-gap bridged with a long fine-wire fuse. Occasionally 
when the arc was about to break an unbalancing surge would 
produce an extra high voltage that would discharge across the 
double two-in. (50.8 mm.) gaps between the voltmeter cylinders. 
If such discharge should strike the section of the inner cylinder 
that is connected through an ammeter it might be burned out 
before the fuse would interrupt the resulting short circuit. To | 
prevent this, aluminum rings made from 1/4-in. (6.3-mm.) rod 
were fitted over the extreme ends of the inner cylinders. The 
discharges then took place from these rings, removing the danger 
from injury to the hot-band ammeters by short circuits. See 
Fig. 1. To lessen the spread of the electrical field set up from the 
hoods covering the ammcters, a sheet metal screen was mounted 
near them. This screen, the outer cylinders and the large hood 
over the cylinders, forming the main oscillatinyg-circuit condenser, 
were all connected and operated near zero potential. 

Stability in the production of high voltages by resonance from 
an arc-generator as a source, depends upon the constants of the 
oscillating circuit. These must be so established and related that 
oscillations can be set up at a single frequency only. In the 
equipment herein specified this condition could not be fully 
realized without encountering too much cost. The use of a 
single main condenser in series with two magnetically coupled 
inductances in the oscillating circuit fixed the frequency and gave 
ample stability. When the two concentric voltmeter conden“ rs 
were added to the main condenser, it was found that the voltage 
duty put upon the arc-generator was somewhat increased. The 
oscillating freedom of the circuit was correspondingly impaired. 
This was no cause of difficulty in measuring voltages up to 50,000. 
Above 50,000 volts one or the other of the concentric voltmeter 
condensers was apt to flash over due to a tendency of the complex 
circuit to start local damped oscillations at much higher fre- 
quencies. The condenser voltmeter could not be used, there- 
fore, to measure voltages much beyond 50,000. 


THE SPHERE-GAP STANDARD 


Electrolytic copper spheres were used and mounted on the 
ends of brass tubes in treated wood frames with proportional 
dimensions exactly as specified by Farnsworth and Fortescue.* 
Satisfactory spheres may be obtained at small cost by selecting 


4. S. W. Farnsworth & C. L. Fortescue, Proc. A.I.E.E., Feb. 1913, 
p. 299. 
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them for regularity of surface curvature from the commercial 
float ball product. Well-impregnated paraffined oak was used 
for the cross pieces through which the brass tubes pass to sup- 
port the spheres. The rest of the frame was made of Oregon 
pine. Under the stress of high-frequency high voltage all 
diclectrics accept large charging currents. Ample and close 
electrode contact entirely free of all corona, must be made to 
lead these charging currents into the stressed dielectric soas 
to prevent burning or other injury. Accordingly the holes 
through the oak cross pieces were bushed with brass sleeves 
cemented to the wood by paraffin treatment. Without this 
precaution the frame will promptly be set afire. For balancing 
purpose we had to set this sphere gap standard rather high off 
the floor. For reasons given above it could not be operated with 
one terminal grounded as recommended by Fortescue, Chubb 
and Farnsworth. We also used a long wooden lever and screw 
jack to facilitate accurate gap settings. Gap lengths were 
determined by means of calipers and micrometer screw or steel 
scale. 

Finally reference is made to the three illustrations Figs. 2, 3 
and 4, which give to the eye much additional information re- 
lating to the construction and arrangement of the equipment 
as employed and above described. 


FEATURES OF UNSTEADINESS IN THE HIGH-FREQUENCY 
HIGH VOLTAGES GENERATED IN THE APPARA- 
TUS AS USED AND DESCRIBED ABOVE 


The character of the high-frequency voltages was examined 
with the aid of the cathode ray cyclograph. The ray was given 
an alternating deflection in one plane magnetically, and in a 
quadrature plane, electrostatically. The magnet deflections 
were produced by the oscillating currents. Limitations in the 
behavior of the cathode ray tube made it necessary to use an 
air-core transformer in series with the oscillating circuit. The 
secondary of this transformer was short circuited through the 
current coils of the cyclograph and grounded. Thus the cathode 
ray was not subjected to the potential disturbances that occur 
when the deflecting coils are directly connected in series with 
the oscillating circuit adjacent to an ungrounded electrode of 
the generator-arc. 

The ray was deflected electrostatically by ‘ quadrants " 
charged with the potentials of spherical electrodes that were 
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dipped into the powerful electrostatic field of the main condenser. 
The two alternating motions thus imparted to the ray being 
in quadrature, it was made to trace an cllipse on the observing 
screen of the tube. One could then note the characteristic 
manner in which the magnitude of the high frequency voltage 
varied. The lowest current that could ordinarily be maintained 
in the oscillating circuit at 123,000 cycles was 3.0 and the highest 
12.5 amperes, corresponding to 12.0 and 50.0 kilovolts re- 
spectively. The cyclograph indicated unsteady voltage fluctua- 
tions amounting to a maximum of 15 per cent, approximately, 
at 3.0 oscillating amperes. As the oscillating amperes increased 
the instantaneous voltage became quite steady, fluctuating 
less than 5 per cent, maximum. As the current approached 6.0 
amperes producing 24.0 kilovolts, the voltage became quite un- 
steady. It was always difficult to operate the arc-generator at 
6.5 amperes. At such current the hot-band ammcter reading 
fluctuates and the cyclograph indicates violent fluctuations in 
the oscillating current and voltage. Persistence of vision fre- 
quently caused two concentric cyclograms to appear upon the 
screen, one corresponding to a current of about six, and the 
other, seven amperes. Because of this characteristic of the arc 
no attempt at any time was made to determine sphere-gap dis- 
charge voltages at or near 6.5 amperes corresponding to 26.0 
kilovolts. At seven amperes and upward to 12.5 amperes, the 
cyclograph again indicated steady instantaneous oscillating 
voltage, whenever the hot-band ammeter in the oscillating 
circuit produces steady readings. 

In making sphere-gap voltage discharge observations the arc- 
generator was operated and controlled so as to establish a defi- 
nite high-frequency current in the oscillating circuit. While 
the sphere gap was shortened slowly to produce the discharge, 
the ammeters in the main oscillating and voltmeter condenser 
circuits were read. A set of observations was considered good 
only when the ammeters gave steady indications. In general, 
however, under the most steady operating conditions there are 
some slight and rather rapid fluctuations in the values of the 
current and, therefore, voltage. The ammeters can only in- 
dicate the effective average of such currents and voltages. On 
the other hand, it is the effective maximums of the slightly 
fluctuating voltages that actually produce most of the discharges 
between the spheres. In this manner variable errors are produced 
in the results, and some strategy is necessary to accomplish 
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their approximate elimination. These errors always operate 
to produce apparent voltage values that are smaller than their 
corresponding true values. For obvious reasons the sphere 
gap сап be shortened only at a slow rate. Ifit could be shortened 
at a very high rate and the process stopped at the exact length 
through which the discharge occurred, all settings would have 
nearly equal weight in determining the final true result. Under 
the actual working conditions in this equipment, it is hardly 
likely that the observed voltages are ever above the true voltages 
that actually produce the discharge between the spheres. Ос- 


TABLE І 
TYPICAL OBSERVATIONS 


Temp. 18 deg. cent. (approx.) Barometer 30 in. (approx). 


H-B 5-amp.| H-B l-amp. H-B 30-amp| Degrees 
No. 439188 | No. 429926 | No. 439113 | variable 


constant constant | іп main os- | capacity 7-in. 
Date multiplier] multiplier | cillating cir-|(frequency sphere Arc 
1.03 1.02 cuit meter180)?2 gaps, voltages 
0.0001145 | 0.0000380 0.00406 mf.| inches gage 
m. f. m. f. Inductance 
= 881. mi- 
cro-henrys 
1914 
Feb 5 1.45 0.400 7.90 84.60 0.695 
s 5 ----- 8.00 “ 0.93 ` — 
* 14 1.43 0.456 8.00 = -— — 
е 14 1.50 0.474 8.45 “ — — 
5 14 ——— 9.00 84.5 0.801 48. 
Е 14 ---- -- -- 9.10 = 0.821 42. 
Е 14 — —— 9.10 " 0.820 43. 
? 19 1.95 0.630 11.20 85.3 1.04 40 
* 19 2.08 0.670 11.80 а 1.03 ЕЕ 
^ 19 2.13 0.690 12.20 84.5 1.06 42. 


casionally, however, the readings of the instruments must 
correspond much more mearly to the voltages applied to the 
spheres at the instant they discharge. The corresponding 
results will be least in error and must have most weight 1n determin- 
1ng the final and true relation between voltages and spark gap lengths. 


DISCUSSION OF RESULTS 


Some of the original observations are given in Table I. The 
constants of the measuring instruments are also given, so that 
one may compute the corresponding results for himself. The 
results obtained are given in Tables II and III and charted 
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in Fig. 5. It is noted that the 123,000-cycle values, when the 
fluctuating character of the source is ignored, locate a right line 
relation for the sphere gaps and discharge voltages; and that such 
line when extended passes through the origin. See curve I, 
Fig. 5. All valucs determined at 123,000, 255,000 and 612,500 
cycles locate curve II, Fig. 5, when errors due to the fluctuation 
of the source are largely eliminated. 

Curve III, Fig. 5, was drawn for comparison; it was located : 
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I. Seven-inch sphere-gap discharge voltage at 123,000 cycles, fluctuations of source 
ignored. 25detcrminations. 

II. Ditto. 295 determinations at 123,000 cycles, 15 determinations at 255,000 cycles 
and 5 determinations at 612,500 cycles. Fluctuations of source eliminated by giving 
maximum weight to minimum gaps for corresponding voltages. 

III. 25-, 37.5- and 50-centimeter sphere-gap discharge voltages at 25 cycles determined 
by Chubb and Fortescue, Proc. A. I. E. E., Feb. 1913, pp. 635-6. 


with the observations made by Chubb and Fortescue for 25 
cycles discharge voltages and 25, 37.5- and 90-cm. sphere gaps. 
These observations are recorded on pp. 635-6 of the February, 
1913, PRocEEpINGs A. I. E. E. The high-frequency voltages 
are almost uniformly 4.5 kilovolts below the 25-cycle voltages. 
No cause for this difference could be found in our methods of 
measurements. We believe that both curves have been correctly 
located. 
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CONCLUSIONS 
1. The seven-in. (17.7-cm.) ѕрһеге-рар discharge voltages at 
frequencies ranging from 123,000 to 255,000 cycles per second 
are given by the expression 


e = 45.51 + 2 


for the gap range of 0.4 to 1.1 in. (1 to 25.6 mm.), wherein the 
valuc of eis in kilovolts, r.m.s., and the value of the sphere gap, J, 
is in inches at ordinary atmospheric conditions: Temp. 18 deg. 
cent.; Barom. 30 in. 

2. Correspondingly at 612,500 cycles per second, 13.06 kilo- 
volts, r.m.s., discharge through а seven-in. sphere-gap length of 
0.252 inch. 

3. Needle gaps are not practicable for the determination. of 
high-frequency high voltages. The points are promptly melted 
and burned. Only gaps between blunt points can be employed. 
For these, No. 14 B. & S. gage, square-ended copper wires were 
used. The measured voltages were found to be about one-half 
of the corresponding voltages at 60 cycles. 
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PRESENT STATUS OF PRIME MOVERS 


BY H. G. STOTT, R. J. S. PIGOTT AND W. S. GORSUCH 


ABSTRACT OF PAPER 


The paper brings out in a concise form the present status 
of heat engines and hydraulic turbines in commercial use today 
for the conversion of the energy found іп fuel and water into 
mechanical power for the production of electric energy. 

The various types are compared as to relative importance, 
capacity, efficiency, weight, cost and economy, which are illus- 
trated by curves plotted on kilowatt basis. 

(a) Reciprocating Steam Engine. 

(b) Steam Turbine 

(c) Gas Engine 

(d) Oil Engine 

(e) Hydraulic Turbine 

(f) Finance and Economics 

Curves are plotted showing the investment and fuel costs of the 
different heat engine units, on the basis of percentage of normal 
full load rating of machines. 


HE Committee on Prime Movers has selected the following 
subdivisions of its subject, in order to cover the most im- 
portant recent developments in the field of prime movers: 
1. Reciprocating steam engine 
Steam turbine 
Gas engine 
. Oil engine 
. Hydraulic turbine 
. Finance and economics. 
In order to show the present status of the art in a graphic man- 
ner, practically all of the data obtained have been plotted in 
curves which appear in the appropriate place in the text. 


C» сл > wh 


RECIPROCATING ENGINE 


The reciprocating steam engine has, during thc past five years, 
become practically obsolete for use in modern power stations. 
In the large new central station this engine is not even considered; 
but in small isolated stations it is still used to a considerable 
extent, especially where heating service is also handled. In 
small sizes, the engine still has some advantage in economy 
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over the small turbine, but the margin is getting continually 
smaller; some of the latest geared units being almost on equal 
terms. The non-condensing and bleeder turbines have offered 
a satisfactory substitute for the engine on heating service: the 
continuance of the engine in use is therefore chiefly due to the 
apparent inability of purchasers for isolated plants to realize 
that economy of steam 1s only one of the items constituting cost 
of power. The superior reliability, low maintenance, sustained 
original economy, and low attendance cost of the turbine 
generally overbalance the rather doubtful advantage in original 
economy of the small reciprocating engine. 


STEAM TURBINE 


The steam turbine is now at the head of the list of prime 
movers. The items of comparison with other prime movers are: 

(a) Capacity 

(b) Efficiency 

(c) Weight 

(d) Price. 

Capacity and Efficiency. Usually the figure quoted as the 
measure of efficiency is the water rate or steam consumption 
per kilowatt hour. Hardly any measure can be selected which 
is less satisfactory, since, unless the steam and vacuum conditions 
are stated, the water rate means nothing. Two turbines of 
exactly equal merits may be quoted as having very different water 
rates if one is operated on superheated steam with high vacuum, 
and the other wet steam and lower vacuum. То fix the merits 
of the design, а knowledge of the efficiency ratio (Rankine cycle) 
is necessary; and to fix the thermal efficiency, a knowledge of the 
steam conditions is needed—in other words, the heat drop avail- 
able. 

The water rate of a perfect Rankine-cycle engine is given as 
3415 divided by the available adiabatic heat drop between initial 
and final conditions of the steam. Table I gives a few values 
for the commoner conditions in use. The efficiency ratio is 
equal to the Rankine-cycle water rate divided by the actual 
water rate of the turbine. The thermal efficiency and the 
water rate are both dependent upon the steam conditions, 
and can never be correctly compared except upon the same basis 
of pressure, superheat and vacuum. 

The efficiency ratio is a measure of the goodness of the design, 
influenced somewhat by steam and vacuum conditions. The 
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efficiency ratios of modern turbincs differ much less from each 
other than the variation of water rates would lead one to suppose. 

The efficiency ratio increases (a) with size, (b) with superheat, 
(c) with reduction of vacuum down to about 26 in. (66 cm.), 
(d) with reduction of pressure. Speed also effects efficiency 
ratio, either to increase or decrease it, depending upon the design 
and conditions. Thermal efficiency increases (e) with pressure, 
(f) with superheat, (g) with vacuum. It is evident that some 
of these conditions at least are incompatible with each other, 
and that the turbine having the best water rate may not have 
the highest efficiency ratio. 

Fig. 1 shows water rates which may be obtained for various 
sizes of machines. For the standard conditions of 175 1b. 
(79.8 kg.) gage, 100 deg., superheat, 283 in. (72.4 cm.) vacuum, 
the average value is that which will ordinarily be obtained for 
standard designs; but better or poorer rates may be obtained 
under special conditions, either of design for high efficiency, 
which increases cost, or of cheap construction, which usually 
mcans poor water rate. | 

Fig. 2 shows the Rankine-cycle efficiency ratios under the same 
conditions. For the same sizes of machine, 25-cycle generators 
will have the same water rate and efficiency ratios, as the varia- 
tion in speed can be readily cared for without sacrifice of effi- 
ciency. The corrections for other steam and vacuum conditions 
must be applied to get the proper water rates,—thesc differing 
somewhat for different types. The usual superheat correction 
is one per cent improvement in water rate for each 10 deg. 
superheat between saturation and 100 deg.;one per cent for 
each 121 deg. superheat between 100 and 200 deg. superheat. 
The vacuum correction varies considerably with different ma- 
chines, and amounts to about 5 per cent improvement between 
27 and 28 in. (68.5 and 71 cm.); 6 per cent between 28 and 29 
in. (71 and 73.9 cm.) А better method 1s to use the total heat 
drop available in each case as a ratio applied to the water rate. 
An important feature influencing cost is the matching of genera- 
tor and turbine. In many cases the turbine has its best water 
rate at the maximum 24-hour rating of the generator. For 
many purposes this is undesirable. The best water rate should 
occur at from 75 to 85 per cent of the maximum 24-hour rating 
of the generator; in other words, the turbine should be smaller 
than the generator. 

The overload devices (extra nozzles in the case of impulse 
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turbines and by-passing in the reaction turbines) can be readily 
designed to take care of the loads up to 50 per cent in excess of 


the best water rate load in the turbine. 


The best water rate 
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vices operate; and it is for the steam flow at these loads that the 


reached by the turbine occurs just before these overload de- 
turbine proportions are designed. When the effect of auxi- 
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liary steam consumption on the steam demand of the engine 
room is considered, it is evident that the under-sizing of the tur- 
bine to a small degree 1s desirable. 

Weight. The weight increases with the increase of vacuum, 
decrease of speed, decrease of initial pressure, and increase of 
efficiency ratio. The increase of vacuum obviously affects the 
weight by increasing the size of the exhaust end and the blading. 
Decrease of speed incrcases the weight, as it enlarges the di- 
mensions in every direction for a given capacity, and some- 
times increases the number of stages for a given efficiency. 
Increase of efficiency ratio usually implies sharper blade angles, 
more stages, and larger blading, which obviously increases the 
weight. Fig. 3 gives the total weight and weight per kilowatt 
under the standard conditions previously stated. 

Cost. The turbine design is usually a compromise between 
cost of manufacture and efficiency. The cost is influenced by 
steam conditions, speed, and by type, tosome extent. Increased 
thermal efficiency means increased cost, as it means increased 
blade dimensions, stages, and exhaust openings for higher 
vacuum, and in some cases altered construction to suit higher 
superheats. 

Fig. 4 is cost per kilowatt and total cost for machines built 
to the standard conditions previously given, delivered and 
erected within 600 miles of factory. 25-cycle machines will 
cost from 15 per cent more, in smaller sizes, to 10 per cent 
more in the larger sizes. Cost per lb. (Fig. 5) remains about 
constant for any given capacity, so that this increase in cost 
for 25-cycle machines is readily explained, as the reduction in 
specd from 1800 to 1500 and from 3600 to 3000 revolutions 
raises the weight approximately in inverse proportion to the 
decrease in speed. 

The three items which influence the purchasing of a turbine 
are price, water rate and time of delivery. The time of de- 
livery cannot be much reduced beyond a certain point. There 
is, (therefore, a very strong tendency to cut the price or the water 
rate in order to get the business where competition is very kcen. 
As only about one turbine in every 50 sold is ever tested, the 
opportunity to manipulate the water rate of the turbine down- 
ward has often proved a stumbling block to good engineering. 
The cost to manufacture any of the standard makes is not very 
different. Тһе prices ordinarily will therefore be about the 
same. The tendency to cut the water rate below what can 
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actually De obtained can therefore only be chccked by the 
enpgineer's watchfulness. Comparison with the Rankine eff- 
ciency ratio [or any size machine is one of the safest means of 


detecting spurious water rates, 
since they will give impossible 
efficiency ratios. 


Gas ENGINES 


The fuel supply for the various 
classes of this tvpe of prime 
mover is obtained either by the 
conversion of coal, coke, lignite, 
peat, wood, oil or other kindred 
fuels into a gaseous product in 
a producer; or from natural rc- 
sources, or the recovery of waste 
or by-product gases from blast 
furnaces and coke ovens. The 
utilization of natural gas and 
blast furnace gas has enabled a 
wide application of the gas en- 
gine, amounting to over 75 per 
cent of the total pas power 
machinery installed in the 
United States, the natural gas 
being in the lcad as to aggregate 
capacity. 

The development of large gas 
engines is largely due to the 
ideal conditions existing In stecl 
industries where large quanti- 
tics of blast furnace раз are 
available, requiring only clean- 
ing to make a perfect fucl for 
this type of prime mover. Blast- 
furnace-gas power plants have 
been especially striking owing 
to the magnitude of the enyine, 
which has now reached a capac- 
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60 cycles, mas. 24 hr. rating 50 deg. cent. rise; power tactor 80 per cent, pressure 175 lb.; superheat 100 deg fahr., vacuum 25.5 in. 


ity of 6000 brake horse power for a single unit of the twin 


tandem type. 


The main improvements in gas engines have been in tbe re- 
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inforcement of cylinder castings, simplicity of the cylinder, 
piston and rod construction, more efficicnt packing, adoption 
of the throttling governors, etc. 

The rapid introduction of the gas-producer in the manufac- 
ture of gas from cheap grades of coal has given special impetus | 
to the producer gas engine. Many of the low grades of fuel 
which are not fit for usc under the steam boiler have been used 
with reasonable success in the producer. 

There is now a growing demand for gas engines to operate 
with coke oven gas, and probably interesting developments 
may be expected along this line within the next few years. 

With the universal tendency toward high-speed rotative 
machinery, engineers engaged in the development of internal 
combustion engines have recently shown renewed activity in 
substituting rotary for reciprocating motion. While much valu- 
able information has been obtained, yet the practical difficulties 
have not been surmounted and the gas turbinc has not reached 
a commercial stage. However, if the gas turbine does come, 
it will probably revolutionize power production in large steel 
centers and wherever natural fuel oils abound in this country. 

Capacity. There are two general types of gas engines known 
as the two-cycle and four-cycle, or two-stroke and four-stroke, 
built with single- or double-acting cvlinders, either vertical or 
horizontal, the usual form in sizes above 200 brake horse power 
consisting of two double-acting cylinders set tandem. By 
combining two such units we have the twin tandem type that 
is built in sizes as large as 6000 brake horse power. The four- 
cycle engine is the type that is almost always used in units of 
any appreciable size, and especially the double-acting four- 
cycle type with two cylinders arranged in tandem, which was 
brought to a commercial state about eleven years ago. 

Steam turbine and engine ratings are usually such that they 
are worked under their most economical load at the rating of 
the electrical generator. With gas engines, on the other hand, 
the cfficiency increases with the load beyond the capacity of 
the engine (sec efficiency curve, Fig. 6), and for this reason the 
rating of the engine is gencrally made as nearly as possible to 
its maximum capacity, allowing from 10 to 20 per cent for over- 
load. 

The gas engine does not possess inherent capacity for over- 
loads in the same sense in which the steam turbine and engine 
do, hence whatever overload it has, is allowed by the manu- 
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facturer. The maximum capacity of a gas engine 15 evidently 
rcached when the cylinder has taken a full charge of mixture 
of the highest heat value and density, that is, containing the 
maximum B.t.u.’s (large calories) per cu. ft. (0.028 cu. m.). 
This being the case, it is evident that gas engines must accom- 
modate themselves to variations in the quality of the gas. As- 
suming for illustration, that a 10 per cent overload is sufficient, 
an engine of 550 horse power maximum capacity would then 
be rated at 500 horse power. 

The gas engine being fairly limited as to the power which 
may be produced in a single unit, there has developed on the 
part of some manufacturers a disposition to increase speeds. 
While high speeds have been used in steam turbine and engine 
practise, it should not be taken as a criterion in gas engine work, 
as the heavy masses involved in the reciprocating parts of the 
gas engine may become destructive and the result may be 
higher maintenance cost. 

Efficiency. One of the characteristics of the gas engine which 
other heat engines do not possess is that the thermal efficiency 
remains fairly uniform over all ranges of sizes. 

Fig. 6 shows representative curves of thermal efficiency and 
rate of heat consumption per kilowatt generated for different 
percentages of normal full-load rating of large four-cycle pro- 
ducer and natural-gas engines, no allowance being made for 
auxiliarics. 

Мапу figures have been given of the thermal efficiency. of 
the gas engine which vary matcrially, but we believe that the 
curve above referred to gives conditions gencrally met within 
large gas engines, namely, 25.2 per cent on the basis of brake 
horse powcr, or 23.8 per cent on the basis of kilowatt-hours 
generated at full load rating. All curves of the gas and oil 
engines have been referred to the basis of kilowatt-hours gen- 
erated so as to be comparable with the steam turbine and engine. 

The range of fucl consumption as guaranteed by American 
manufacturers for their engines at full load rating with differ- 
ent fuels varies from 9500 to 13,500 B.t.u. per brake hp-hr. 
(2394 to 3402 large calories) for producer gas, and 8,500 to 
15,000 B.t.u. per brake hp-hr. (2142 to 3780 large calories) for 
natural gas, or reducing to basis of kw-hr., 13,500 to 19,200 
B.t.u. per kw-hr. (3402 to 4838 large calories) for producer gas, 
and 12,200 to 21,400 B.t.u. per kw-hr. (3074 to 5393 large 
calories) for natural gas. Blast furnace gas runs in the neigh- 
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The operation of the gas engine involves high tem- 


Weight. 
peratures and pressures suddenly applied to the working parts, 


borhood of 10,500 B.t.u. per brake hp-hr. (2648 large calories), 
consequently this class of prime mover is inherently massive. 


or 15,000 B.t.u. per kw-hr. (3780 large calories) gencrated. 
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The range іп weights of the various sizes of horizontal type 


producer-ras and natural-gas, four-cycle single- апа double- 
by the largest gas engine companies in this country, are shown 


acting tandem and twin-tandem gas engines, as manufactured 
in Fig. 7. 
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These curves are drawn to include all capacities from 200 to 
2000 kw., and show that there is a variation of 20 per cent from 
the average weight. Considering the curve of average weight 
per kilowatt, one thing is basic, namely, that the big unit weighs 
more per kilowatt than the small unit. The reason is that as 
you go up in size and lengthen out the stroke the weight runs 
up per unit capacity. The weight is governed by manv con- 
siderations, such as rotative speed, the mean effective pressure 
on which the builder figures his rating, the nearest size the 
builder has to fit a given generator, the question of single or 
double crank, etc. 

Cost. On account of the heavy parts made necessary by high 
temperatures and pressures, the gas engine is considerably 
more expensive to build than steam turbines or steam engines. 

In some types of gas engines there is not very much difference 
between the cost per unit capacity in large and small sizes, 
whereas with other companies it varies considerably. 

Fig. 8 shows the limits of total cost, average cost per kilowatt 
capacity, and average cost per pound, of the tvpe and size of 
engine and generator as described in Fig. 7. The price is for 
engine and generator complete and installed exclusive of founda- 
tions within 600 miles of factory. It will be seen that the price 
varies 18 per cent from the average for the different types. 

The cost of the gas engine is influenced by the same con- . 
ditions that govern the weight, as explained above. The dif- 
ferent combinations of stroke and svnchronous speed result 
in varying piston speeds, and for a given power the price will | 
be higher the lower the speed. Many attempts have been 
made to lower the cost of the gas engine by decreasing its weight 
without impairing its reliability, and to increase its capacity 
by increasing the pressure of the charge and simultaneous sca- 
venging of the exhaust gases, but all without definite results. 


Оп, ENGINES 


Oil engines have progressed rather slowly in this country, 
while in Europe the development has been more marked, espec- 
ially since the expiration of the basic Diesel patents jn 1912. 

The Diesel engine is essentially a vertical type, but the last 
two years have witnessed a remarkable development of the hor- 
izontal type. While tests show that the fuel consumption is 
slightly higher than with the vertical type, nevertheless on 
account of the greater simplicity and better accessibility and 
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lower cost, many manufacturers have launched out to build 
them. 

There are approximately 300 installations of medium- and 
heavy-duty oil engines, aggregating over 75,000 h.p., in operation 
in the United States. 

On account of the very high cost of natural oils in countries 
that do not have an oil production of their own, the use of tar 
oil with a small addition of ignition oil in the Diesel engine is 
rapidly finding favor. Some oil engines operate satisfactorily 
on any fucl and especially the crude oils produced in this coun- 
try, while others are limited to certain qualities. The recog- 
nitien that coal is too valuable a fuel to be wasted in our present- 
day furnaces, is spreading, and much interest is being taken 
in the by-product coke oven and by-product gas producer 
plants, in hope that the production of tar oil, an artificial pro- 
duct, will aid to check the advance in price of natural liquid 
fuels. In this country the condition is different on account of 
the supply of rich natural oils, such as the light grades of crude 
oil produced in the castern fields, as well as the heaviest grades 
produced by the California, Texas, Oklahoma and Mexican 
fields, which are largely asphalt base. 

Capacity. Similar to the gas engine, the oil engine does not 
possess an inherent overload capacity in the same sense that the 
steam turbine does, hence, whatever overload is required must 
be provided by the manufacturer. 

The oil engine is restricted in size for the same rcasons given 
in the case of gas engines. The largest Diesel engine operating 
. in this country is a 450 brake horse power double-unit vertical 
four-cycle three-cylinder type, whereas in Europe they have 
been built as large as 2500 brake horse power. "There has 
recently bcen built in Germany a 2000 brake horse power hor- 
izontal double-acting, four-cycle, twin-tandem Diesel engine 
operating with tar oil, which promiscs interesting results. 

Efficiency. “The thermal efficiency of the oil engine varies 
slightly with the capacity. Unlike the gas engine, the thermal 
efficiency docs not increase with the load beyond the capacity 
of the engine. 

Figures of efficiency have been given at different times that 
cannot be substantiated. With oil having 19,000 B.t.u.’s (4788 
large calories) per 1b., (0.4534 ky.) the thermal efficiency and fuel 
consumption that may be expected at different percentages of 
normal full load rating, no allowance being made for auxil- 
laries, are shown in Fig. 9. 
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At full load the fuel consumption is 0.64 Ib. (0.29 kg.) per 
kw-hr. or 0.45 Ib. (0.204 ky.), per brake horse power, and the 
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brake horse power. 


The fuel consumption of the best oil engines to-day, made in 
large sizes, varies from 0.40 to 0.50 Ib. per brake horse power, 


g obtained by the four-cycle type. 


The Diesel engine is inherently massive for the 


- 


st fucl economv bein 


the highe 


~ 


Werght. 


same reason as the gas engine, namely, high temperatures and 
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pressures, consequently the weight, including engine and gen- 
erator, per kilowatt capacity increases with the size, as shown 
in Fig. 10. 

It will be scen that the increase in weight from 40 to 160 kw. 
capacity is very rapid, while with sizes larger than 160 kw. it 
is not so pronounced. 


200 240 e380 520 560 400 


CAPACITY, kw. 
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High-compression Diesel-cycle crude-oil engines of the two- 
and four-cycle, single- and twin-cylinder, horizontal type, us- 
ing a heavy grade of crude oil, are now being manufactured in 
America as large as 500 h.p. capacity, some companies standing 
ready to construct units of 800 h. p. capacity if required. Fig. 11 
shows the average total weight and weight per kilowatt ca- 
pacity for these machines. 


COST PER POUND, CENTS 
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Cost. "There have been so few oil engines driving generators 
of any appreciable size installed in this country that it is a dif- 
ficult matter to tabulate any costs for comparative purposes 
with other prime movers. The most reliable figures available 
for the Diesel engine average approximately $95 per kilowatt 
installed, including engine and generator complete, but not the 
foundations, within 600 miles of factory. Fig. 12 gives the- 
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Fic. 11—VERTICAL DIESEL ENGINE (AMERICAN MANUFACTURE) 4-CYCLE, 3 
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average total cost per kilowatt for all sizes at 895 per kw., also 
the cost per pound, which decreases but slightly for machines 
above 160 kw. capacity. 

Important improvements in the construction of the vertical 
{уре Diesel engine are being made in this country, as well as in 
Europe, which will probably reduce the weight and conse- 
quently the unit cost. 
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The average total cost, average cost per kilowatt, and average 
cost per pound of two- and four-cycle, horizontal, crude-oil 


engines, American manufacture, including engine and generator, 
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There is considerable variation in the weights and costs of 
the horizontal type oil engines of the different manufacturers, 


are shown in Fig. 13, corresponding to the weights given in 
Fir. 11. 
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and for this reason the average curve is given instead of the 
maximum and minimum. The weights and costs are fairly 
consistent for the single cylinders of all sizes, the greatest dif- 


974 


NOLOV,[ N3MOq LNSO Had (6 LV ALIOVAVD 'AX 002 OL Op KONA SHOLVNHKH£) S7T2X2-09 OL 
Q3123NNO]) ATIO3"I(] 'ANIONG TIO AGAAD (433012V4aNV]N NVOISSAV) AMAL TVINOZIIOH —£[ Сод 


^ ' ALIOVd VO 
02S 08» Ory 00v 09< 02e 082 Ord 002 091 021 08 Ov 0 


PEE EUM URSUS EUER ИКӘНЕН 
Lee ae aa ee ЕК ИИ ЕКИ AES 


0 


08 
000% |, 


e 
с 


000° 


© 
e 
о 
S 
(NOI1VQNñ0O4 9міап12х3) 3111$ NI 1609 TWLO 


"WERNERERMENERNIENSEE 
БИШ ЖШШЕ ШИЕ ЕЕ ШЕ 


өз 
о © 


© 
58У1104 '0311VISNI MY Yad 1502 39Y33AN 


SLN3O '0311VISNI 41 834 1502 39Vu3AV 
oo D 


\ 


000563 
SRR RRS оаа аще 


` 2) 
Каю а О иии ш шиш! ай йк эы ш Е ш И 
ik cE ИЙ ШЕ ШШ | P йй ИЕ 


000%» 


Ү1100 


These 


curves hold fairly well for the so-called semi-Diesel horizontal 


ference being with the twin- and four-cylinder types. 
type. 
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HYDRAULIC TURBINES 


The development of hydroelectric power installations has 
created new demands on the designers and manufacturers of 
hydraulic turbines for betterments in efficiency, power, speed, 
strength and size of turbine runners. 

In early hydraulic installations, efficiency was frequently of 
small importance, but as the demands for power increased, and 
the capacity of sources of water supply became overtaxed, high 
efficiency became of importance. 

In the case of modern hydroelectric developments, there are 
few sources of supply so great that the efficiency of the installed 
machinery is not of the highest importance. The demand on 
turbine designers and manufacturers for increased efficiency 
has been met by better design, better construction, and better 
finish; and as a result, the efficiency of turbines has been so in- 
creased that in the case of at least four different manufacturers, 
efficiencies of 90 per cent or over have recently been obtained 
at the hydraulic testing flume at Holyoke under the best condi- 
tions of gate, speed and head; and high efficiencies can now be 
maintained through considerable variations both of head and 
power, as will be seen by reference to Fig. 14. 

Recent tests at Holyoke on a high specific speed 28-in. (71-cm.) | 
vertical Francis type turbine, the results of which are shown 
in Fig. 15, represent the best that is being accomplished at the 
present time. 

It will be seen that the efficiency remains fairly constant 
through a considerable variation in power. The efficiency at 
90 per cent gate opening is 91.5 per cent and at full gate it 
dropped to 84 per cent. 

For direct connection to comparatively high-speed electrical 
machinery, both capacity and speed, together with high effi- 
ciency, are common demands. A comparison of the power 
capacity of various types of wheels can best be made on the basis 
of the power of the unit wheels of the various types under the 
unit head. This unit power, is represented by the equation 


P 


0 = р 85 


Ф is the unit power of the unit wheel of the tvpe considered 
under unit head, 

P is the power (h.p.) of any wheel under the head h, 

D is the diameter in inches of the whcel considered, 

h is the head in feet under which the power (P) is developed. 
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In cach case the best conditions of speed and efficiency are 
assumed to obtain. 
In the original Boyden-Fourneyron turbine of 1849, the value 


ОСОР vas equal о азы киер uia Ы ЕРЕ nade 0.00032 
This was incrcased by Swain in 1855 to.... 0.0008 
By McCormick іп 1860 to................ 0.0014 
By a number of recent designers to values from 0.002 to 0.0024 
And has been extended to................ 0.00388 


in a recent design, without a reduction in efficiency below 
87 per cent, an enormous increase in power which 1s quite 
worthy of note. 

Capacity and speed are both often highly desirable for elec- 
tric machinery if both can be extended without too great a 
sacrifice in efficiency. The combined capacity and speed may 
be compared bv the speed power coefficients of the various tv pes 
(see page 1409, Vol. XXXI, Transactions А.Г. E. E.), which 
may be termed the “specific power " of the wheel, and which 
is represented by the equation 


ээ 


n? Р 
®; = TA 
in which n = the revolutions per minute of the wheel under the 
head h and with the horse power P. The speed power co- 
efficient @;, is the square of the coefficient of unity speed. 

The value 0, = 10,000 had barely been reached іп 1910, but 
during the present ycar a designer has succeeded in increasing 
the value to @; = 11,800. 

ouch wheels are frequently of high value for low-head and 
high-speed conditions, but cannot maintain such high efficien- 
cies under great ranges of head and loads as can be maintained 
“with wheels of lower “ specific power, " such as are shown in 
Fig. 14. | 

Among the more recent improvements in the construction of 
hydraulic reaction turbine runners may be mentioned the con- 
struction of high-capacity runners of cast stecl in single castings, 
thus giving great strength with large capacity under high heads 
to which such turbines could not previously be applied. 

The recent successful construction of the large single reaction 
turbines for the Keokuk hydroelectric plant is also worthy of 
note. These turbines arc 16 ft. 2 in. (4.875m.) іп diameter and will 
` operate at 57.7 revolutions per minute under a 32-ft. (9.75-m.) head. 
The runners weigh 73 tons each and develop 10,000 h.p. While 
greater power has previously been developed by single wheels 


ét 
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under high heads, these wheels are remarkable for the amount 
of power developed under the low head utilized. 

Since 1911, the trend has been toward the adoption of the 
single-runner, vertical-shaft turbine for low and medium heads. 
This change in type of unit is due to the recent progress in the 
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Fic. 15—EFFICIENCY CURVE OF HIGH-SPEED VERTICLE FRANCIS TYPE TURBINE 
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design and devclopment of high-capacity runners, also the im- 
provement in thrust bearings. 

Prior to this time, the majority of turbincs for low and medium 
heads were either of the vertical-shaft, multi-runner type, or 
of the horizontal-shaft, multi-runner type. 

Weight and Cost. The weights and costs of hydraulic prime 
movers are not strictly comparable with the steam turbine, gas 
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and oil engines, for in the case of the thermodynamic prime 
movers, the conditions are more or less fixed and the costs rel- 
atively uniform, whereas with the water turbine they vary 
between fairly wide limits, depending upon the conditions under 
which they are to be operated. The head, kind of flume, open 
or closed, setting vertical or horizontal, single or multiple, 
material in runner, which may be made of cast iron, cast steel, 
gun metal, bronze, etc., depending upon the service conditions, 
are some of the factors that cause the price and weight to vary 
materially. With a given head, the greater the power of the 
turbine the less the unit cost. With a given head and power, 
the higher the speed the less the unit cost. On the other hand, 
with a given power, the lower the head the greater the unit cost. 
For illustration, a water turbine developing 50 h.p. under a 
30-ft. (9.14-m.) head, and costing $18 per horse power, will 
develop approximately 300 h.p. under a 100-ft. (30.4-m.) head, 
and will cost only $3 per horse power, assuming other conditons 
equal. In reality the cost of the turbine under the 100-ft. 
(9.14 m.) head would be slightly higher than $3 as the construc- 
tion would naturally be more expensive. 

In general it can be said that the cost of hydraulic turbine: 
and generators larger than 200 kw. capacity will vary from 2.-U 
to $10 per kilowatt installed, exclusive of foundations. 

With the broader field now covered by turbine design and 
construction, the necessity for careful selection has become most 
important, and the hydraulic engineer can at the present time 
secure hydraulic turbines of the best character and design only 
by careful attention to the intelligent analysis of turbine possi- 
bilities, and the selection of wheels suited to the particular con- 
ditions of head and load under which such turbines are to operate. 


FINANCE AND ECONOMICS 
Investment and Fuel Costs. 


a. Heat Engines. In comparing the various types of prime 
movers, conclusions are often reached, largely from a study of 
the cost of fuel, without any reference whatever to the total 
cost of power and the relative investment costs. As it is not 
within the scope of this paper to include operating and main- 
tenance costs for the entire plant, investment costs of the units 
and fuel costs are shown plotted in conjunction with the percent- 
age of normal full-load rating in Figs. 16 and 17, for making an 
economic study of the various types of prime movers. 
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The impression that gas and oil power invariably imply a 
lower cost of generation is constantly losing ground through 
the critical analysis of the elements of power costs. Fuel is 
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Fic. 16—RELATIVE INVESTMENT AND FUEL Соѕтѕ ОЕ A 750-KW. STEAM 
TURBINE, GAS ENGINE, AND OIL ENGINE, INCLUDING DIRECT-CON- 
NECTED 60-CYCLE GENERATOR OPERATING AT DIFFERENT PERCENTAGES 
OF NoRMAL FULL LOAD 


only a fraction of the total cost of power, and there are con- 
ditions where it is overbalanced by other costs. 
Claims have been repeatedly made that steam turbines use 
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two and one-half times the amount of fuel consumed by gas 
engines, but these statements are without foundation. Before 
any fair comparison can be made of fuel consumptions, records 
should be kept over a reasonably long period and the coal re- 
duced to a common basis as to B.t.u. per pound and the per- 
centage lost in refuse. ` 

The curves plotted in Fig. 16 are for small machines of 750-kw. 
capacity—the steam turbine a single unit costing $15 per kilo- 
watt, the gas engine a single unit costing $73 per kilowatt, and 
the oil or Diesel engine a double unit costing $95 per kilowatt. 
These prices are for the prime mover and generator delivered and 
erected (exclusive of foundations) within 600 miles of the factory. 

The investment costs are taken at 11 per cent for the steam 
turbine and 15 per cent for the gas and oil engines. In invest- 
ment costs are included interest, taxes, insurance and amorti- 
zation fund, that 1s, an arbitrary percentage that should be set 
aside and the percentage corrected, if necessary periodically, 
so that when the apparatus is condemned on account of obsole- 
scence or inadequacv, there will be a fund which will meet the 
expense (see ‘‘ Power Costs" A. I. E. E. PRocEEDINGS, Мау, 1913). 

Coal for both the steam turbine and gas engine is taken at 
$3 per ton (1016 kg.) having 14,500 B.t.u. (3654 large calories) 
per lb. (0.4534 kg.) delivered alongside the dock. On account 
of the wide fluctuation 1n price of the same oil at the same local- 
itv, two figures are used, namely, four and five cents per gallon 
(3.785 htres). All auxiliary costs are included, but stand-bv 
costs are not, as these vary widely with the conditions of operation. 

Adding the investment and fuel costs for any percentage of 
normal full load rating, the steam turbine will be found to be 
shghtly less than the gas, and considerably less than the oil 
engine. Even with stand-by losses allowed, the turbine will 
still have the advantage over the gas engine loads below 80 per 
cent full load rating. 

The investment costs are computed on the normal full-load 
rating, and if advantage 15 taken of the overload capacity of the 
turbine which is approximately 25 per cent for 24 hours, the 
cost per kilowatt-hour during such periods of maximum capacity 
will be less than shown by thecurve. This does not apply to gas 
and oil engines, as what little overload capacity may be' allowed 
in these machines is for a short period of two hours or even less. 

Another set of curves is plotted in Fig. 17, showing a single 
turbine unit of 20,000-kw. capacity, costing $7.50 per kilowatt, 
ten 2000-kw. gas-engine units costing $65 per kilowatt, and 
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forty 500-kw. oil-engine units at $85 per kilowatt. In a plant 
of this capacity the gas and oil engines are practically out of 
the running, with these fuel costs. 
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РЕК CENT OF NORMAL FULL LOAD RATING 
Fic. 17—RELATIVE INVESTMENT AND FUEL Соѕтѕ OF PRIME MOVERS 
DIRECTLY CONNECTED TO 60-CYCLE GENERATORS OF 20,000 kw. 
CAPACITY OPERATING AT DIFFERENT LOADS 


Steam Turbine—1 unit 20,000-kw. normal rating. 
Gas Engine—10 units 2000-kw. iz 
Oil Engine—40 units 500-kw. a a 


In computing the cost of fuel the coal was put on the same 
basis, namely, 10,825,000 B.t.u. (2,727,868 large calories) per 
dollar, whereas the oil at 4 cents per gallon is equivalent to 
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3,718,000 B.t.u. (936,925 large calories) per dollar. This may 
look as though the steam turbine and gas engine were being 
favored, but in comparing prime movers as they stand to-day 
they must be considered in connection with the prevailing cost 
of fucl. While it is possible to get a cheaper coal than $3 per 
ton (1016 kg.) with 14,500 B.t.u. (3654 large calories) per lb. 
. (0.4534 kg.), it isa question whether many more B.t.u's. (large 
calories) of natural oil per dollar can be obtained, except in a 
few localities. | 

If natural instead of producer gas is considered, it would cost 
about 10 cents per 1000 cu. ft. (28.317 cu.m.), which is a reason- 
able figure, as the price varies from 5 to 25 cents per cubic foot, 
depending upon the location of the well. 

At 40 per cent of normal full-load rating, the investment cost 
for the gas engine is approximately 90 per cent of the fuel cost 
and for the oil engine using oil at four cents per gallon (3.785 
liters) it is about 80 per cent, whereas with the steam turbine 
it is only 7 per cent. | 

If we assume for illustration, that in a small plant it is possi- 
ble to obtain a horizontal semi-Diesel installation, including 
engine and generator delivered and erected, excluding founda- 
tions, for $73 per kilowatt, and that oil can be purchased for 
3.9 cents per gallon (3.785 liters) delivered, it will be seen from 
Fig. 16 that while the cost of fuel will be slightly in favor of the 
oil engine, the sum of the ordinates above and below the axis 
for any percentage of load will be in favor of the steam turbine. 
With larger installations it will be seen by referring to Fig. 17 
that the turbine has decidedly the advantage. 

All these illustrations are on the basis of the normal full-load 
rating of the plant, however, if reserve capacity is allowed for 
to insure continuity of service, the investment costs for the gas 
and oil engines will be proportionately higher than for the 
steam turbine. 

From a study of these curves it will be seen that the ratio of 
cost of steam to gas and oil units is decidedly in favor of the former 
so that gas and oil power becomes severely handicapped in large 
work owing to the proportionately greater investment burden. 
And, unless the price of coal rises materially above the present 
value, the gas and oil engines will find limited application 
in stations of any appreciable size, except under very favorable 
circumstances, where natural gas, by-product gas or some 
artificial fuel oil can be secured at low prices. If maintenance 
cost and the additional investment cost required to assure re- 
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liability or continuity of service are included, the steam turbine 
will stagd out more prominently. 

b. Hydraulic Turbines. The redeeming feature of the watert ur- 
bine, which gives it an advantage over other prime movers, is 
the absence of fuel. As a result, the operating expenses are 
practically the same whether the plant 15 working 10 or 24 hours 
per day. On the other hand, the investment cost is influenced 
by the load factor, but it is doubtful in any case whether the 
water turbine and generator will exceed twice that of the steam 
turbine and generator on the basis of 11 per cent. When the 
investments costs include an adequate supply of auxiliary capacity 
to supplement the deficiency in stream flów, the difference be- 
tween the investment costs of prime movers plus the fuel costs, 
at any percentage of normal full load rating, will not be so 
marked, as the investment costs of the units of the hydroelectric 
plant will not only be much higher than a straight steam plant, 
but in addition, there will be fuel costs for the reserve units. 
In fact, with the same class of service, and the reliability charge 
in the form of duplication of units or steam reserve, the straight 
steam turbine units will in many cases be more economical. 

In low-priced fuel districts the hydraulic turbine is only a 
competitor of the steam turbine where the development costs 
are moderate and the load factor reasonably high. 

More attention is now being given to the important relation 
between the efficiency and durability of the water turbine than 
has been іп the past. It is the opinion of some engineers that the 
most efficient turbine, if operated too constantly at low gate 
opening is likely to show some pitting if the head 1s high, and they 
recommend that turbines of high specific speed be kept as closely 
loaded as possible to the point of maximum efficiency, while with 
turbines of lower specific speed it is not necessary to operate 
within such close limits. 

General. The proportion of the total investment cost of a 
20,000-kw. plant represented by the prime mover and generator 
for the various types of units, is approximately as follows: 


Total investment (Cost of prime mover Percentage of 
Prime mover cost per kw. and generator per kw. total invest't 
Steam turbine...... 65.00 7.50 15 
Gas engine...... .. 140.00 65.00 46.5 
(Producer gas) Н 
ОП engine.......... 120.00 85.00 71 
Hydraulic turbine .. 125.00 12.00 0.6 
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The unit costs are the average values obtained from the cost 
curves given above, while the total costs were estimated and are 
only approximate, especially in the case of the oil engine, as it 
is impossible to obtain reliable data for this type of installation. 

Considering the different types of prime movers in connection 
with the total investment cost of the plant, it is evident from a 
study of curves similar to Figs. 16 and 17, developed on a load 
factor and total cost basis, that with a very poor load factor the 
all-important point is to kcep down the fixed charges, as thev 
are of vastly greater importance than any possible gain in effi- 
ciency due to a better type of prime mover of the same class. 
This is true of any plant, and the curves will show the futility of 
attempting to carry peak loads by means of water turbines, gas 
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and oil engines or any prime mover that necessitates a large in- 
vestment per kilowatt. 

Efficiency and Heat Consumption. Figs. 18 and 19 are 
presented to show conservative thermal efficiencies and heat 
consumptions in B.t.u. per kilowatt-hour at different percent- 
ages of normal full-load rating, for two sizes of steam tur- 
bines and for all sizes of gas and oil engines, reckoned on the 
heat in the steam, gas or oil delivered to the throttle valve, 
and do not include boiler or producer losses or auxiliaries. · 

It is evident that as the larger sizes are approached the inequal- 
ity between the steam turbine and gas engine steadily vanishes 
until finally the former exceeds the latter. It is interesting to 
note that at normal full-load rating the thermal efficiency of 
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the 20,000-kw. steam turbine, which is based on 175 Ib. steam 

pressure and 100 deg. superheat, is 24.2 per cent, and the producer 

Pee or natural gas engine 23.8 per cent, both referred to kilowatt- 

na hour output. Referring to Fig. 2, it will be seen that the average 

2d thermal efficiency of steam turbines larger than 14,000 kw. 

a is between 24 and 25 per cent, and the maximum value for very 
large machines 1s a little below 25.5 per cent. 

An important feature of the steam turbine and especially the 

oil engine, is that the efficiency does not materially decrease 
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m until the load falls below 25 per cent of the normal rating, 
Қ» whereas the gas engine changes rapidly. 
ар Іп small plants with а low load factor, efficiency may Бе а 
2 secondary matter compared with investment cost, and the cost 
Ux of maintenance and reliability. | 
pu Maintenance and Reliability. Оп account of the high 
M mechanical stresses inherent in the gas and oil engines, 
3 and heavy reciprocating masses, there is necessarily greater 


maintenance and repair cost, also a lower reliability of ser- 
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vice and a higher class of attendance than for either the steam 
or water turbine units. The reliability of the gas and oil units 
has not been sufficiently established to warrant their adoption 
for reasonably large power stations operating 24 hours dailv, 
without the plant being over-burdened with some type of reserve 
and consequently excessive investment costs. 


SPACE EcoNoMY 


This factor affects the investment cost of power, and is especi- 
ally of very great importance for plants of any appreciable size 
in large cities or where property is expensive. For different sizes of 
the various types of prime movers the number of kilowatts per 
square foot of floor space occupied, is from 10 to 15 for horizontal 
steam turbines, and from 0.5 to 0.8 kilowatt for gas and оп 
engines. Where a number of gas and oil engines are installed 
and the passage ways included, the contrast will be still greater. 


SUMMARY 


Perhaps the most remarkable fact brought out in this report 15 
shown in Fig. 19, where we find that the large steam turbine has 
now passed the gas engine in thermal efficiency and the only 
prime mover surpassing it is the Diesel type of oil engine. The 
oil engine reaches a maximum efficiency of about 28 per cent 
as compared to about 24 per cent for the latest tvpe of 20,000- 
kw. high-vacuum steam turbine, and there is every prospect 
that at least 26 per cent will be realized before the end of the 
current ycar. 

The present limit in size of the Diesel type engine seems to be 
about 1800 kw., so that for plants in excess of 15,000 kw. in 
capacity the number of units and the space occupied by them 
becomes excessive. Just what their maintenance under the 
high cylinder temperature will be is dubious, as there are not 
sufficient data available to enable the Committee to report. 

Figs. 16 and 17 summarize the whole prime mover situation 
in the combined curves of investment and fuel costs, as by taking 
the sum of the ordinates at any percentage of the rated load it 
will be seen that the steam turbine is far more economical than 
any other type of heat engine. 

In conclusion the authors wish to acknowledge their indebted- 
ness to Mr. D. W. Mead, a member of this committee, for the 
curves of Fig. 14 and a portion of the section on hydraulic 
turbines, and also the kindness of a number of manufacturing 
companies in furnishing the necessary data. 
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VOLTAGE TESTING OF CABLES 


BY W. I. MIDDLETON AND CHESTER L. DAWES 


ABSTRACT OF PAPER 
In this country rubber compound, paper, and cambric are 


generally used for cable insulation. From the formula 
S = 9.508. , the stress at any point in a homogeneous 
d logio i 


insulation may be determined. The minimum stress and 
the maximum allowable voltage occur when the conductor is 
10/27 of the sheath diameter. The present irrational practise 
of testing cables should be standardized to conform to this 
formula or a modification of it. 

Over-stressing of the insulation is accompanied by a change 
of insulation resistance and electrostatic capacity. 

No one factor of safety is applicable to every cablesystem, 
but one must consider the conditions of operation as sell 

In testing the voltage may Бе applied: (1) by submersion; (2) 
between the conductor and metallic sheath; (3) between wires. 
The submersion test is the most severe. A sine wave is de- 
sirable for testing purposes, but rarely occurs in a commercial 
generator under these severe conditions of load. Reactance 
cannot always be used successfully to reduce the volt-ampere 
load on the generator. 

With a distored wave an a-c. voltmeter gives only a poor 
indication of the maximum voltage. The writers have de- 
vised an instrument based on the oscillograph principle, with 
which the maximum voltage may be determined, regardless of 
wave form. 


HE design of cables is largely dependent on data obtained 

from voltage tests made on commercial lengths. Such tests 
are usually conducted in the testing-room but are frequently 
made after the cable.has been installed. "The importance of this 
subject has led the writers to present such data as may seem 
either useful or of interest in connection with the design or test- 
ing of cables, and further, to enumerate some of the difficulties 
encountered in making such voltage tests, together with the 
methods adopted to eliminate these difficulties. 


INsULATING MATERIALS | 
In this country, three materials are in general use for the in- 
sulation of wires and cables; rubber compound, varnished cam- 


bric, and paper. 
987 
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Rubber compound is the oldest, and is the only one that can 
be used under all conditions without the aid of a lead sheath. 
Its composition is more complex than that of the others, involv- 
ing pure rubber, certain mineral ingredients, and hydrocarbons. 
The number of such ingredients and the proportion of each that 
can be used has allowed a great number of compounds to be made 
and has led to considerable discussion as to the value of some of 
these as insulating materials. 

Paper as an insulation for wires and cables is used in two wavs: 
wrapped on loosely and kept dry, as in telephone cables, or put 
on tightly and saturated with some good insulating oils or com- 
pound. The insulating properties of this class of cable depend 
absolutely on the soundness of the lead sheath. 

Varnished cambric 1s the most recent material used for cable 
‘insulation and stands between rubber and paper; it has a number 
of good qualities. Being a cotton fabric coated on both sides 
with several films of insulating varnish, it is almost waterproof, 
and may be submerged in water for a considerable length of time 
without undue deterioration. In the process of manufacture, the 
varnished cloth is applied spirally in the form of tape, a viscous 
insulating compound being simultaneously applied between 
layers. 

VOLTAGE AND STRESS FORMULAS 


Theoretically, the stress at any point on a homogeneous 
cylindrical insulation may be determined from the following 


formula: 


sg. — 0.434 V 
(1) 


X log 
Og 10 P. 


wherc V = volts impressed between conductor and sheath, 
— radius of the conductor, 
radius of the insulation, 
distance from the axis to the point in question, 
— stress in volts per unit thickness of insulation at this 
point. 
The stress will be a maximum at the surface of the conductor. 
Thercfore letting X = r, r = d/2, and R = 2/2, the stress at 
the surface of the conductor becomes 


UK 
| 


ça 04347 0808V 
| d p D 
D logio "d d logio p (2) 
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where d = diameter of the conductor, 
D = diameter of the insulation. 
This relation is shown in Fig. 1. 
With D and V fixed, the maximum stress at the surface of 


any insulated wire will be inversely proportional to d logio 5. 


It will therefore diminish with an increase in the diameter of the 
conductor, until a minimum 15 reached, after which the stress 
will increase with further increase of conductor diameter. This 
minimum may be found by differentiating formula (2), and 


STRESS - VOLTS PER MIL 


80 122 160 200 
CONDJCTOR DIAMETER- MILS 


Fic. 1—CuRVE OF STRESS AND CONDUCTOR DIAMETER. 
Voltage (V) constant at 10,000. Diameter over insulation (D) constant at 272 mils. | 


equating to zero, and the value of d corresponding thereto is 
found to be D/e = D/2.72 where € is the Napierian base. This 
relation plotted with volts per mil as ordinates and conductor di- 
ameter as abscissas, is shown in Fig. 1. Point A shows the 
point of minimum stress. The wire diameter for minimum 
stress is about 10/27 of the diameter of the insulation. 

If in formula (2), D and the maximum allowable stress S are 
kept constant, and the voltage is allowed to vary with the con- 
ductor diameter, we have 


Sd D 
V= 98368 98924 (3) 
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This relation is shown in Fig. 2. Under these conditions the 
maximum voltage that we may impress between the conductor 
and the outside, without exceeding the allowable stress, occurs 
when d = D/2.72. 

This does not mean, however, that if this maximum voltage 
were impressed upon the cable when d is less than D/2.72 the 
insulation would break down, but rather that the wall of insula- 
tion between the diameter D/2.72 and the conductor would be 


CONDUCTOR DIAMETER- MILS 


Fic. 2—RELATION BETWEEN TEST PRESSURE AND CONDUCTOR 
DIAMETER. 
E = K dlog D/d. K = 200. D = 544 mis. Stress constant. 


All wires having the same outside diameter whose conductor diameter is equal to or 
less than D/2.72 ( = dc) should have the same breakdown voltage. 


stressed. bevond the allowable limit. The laver nearest the con- 
ductor is under the maximum stress, and the stress in any other 
layer is inverscly proportional to its distance from the center if 
the electrical characteristics of theinsulation remain unchanged. 
Theoretically, then, all cables having d less than D/2.72 should 
break down at the same voltage, hence follow the line ABC, if 
it be assumed that the voltage drop across the over-stressed 
layer is practically zero. 

Although there has been no evidence, so far as the writers 
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know, that these inside layers are actually broken down under 
these conditions, it is a well-known fact that the dielectric con- 
stant of an over-stressed dielectric is greater than the normal 
constant before breakdown, and this tends to reduce the voltage 
drop across the inner layers and throw more stress on the outer 
wall. Whether or not this be true, experience indicates that the 
breakdown occurs along the line АВ, Fig. 2, and little or nothing 
is gained in making d less than D/2.72. 

The following formula has therefore been adopted as most 


TABLE I 


D 
Values of d log P D and d in mils 


pu 


Size Wire B. & S. 


Wall | No. 14 |No. 12} No. 10 |No.8 | No.6 |Мо.4 | No.1 {4/0 Std] 1,000,000 


(in.) Std. Cir. Mils. 
ч 
1/32 19.1 20.0 21.3 21.9 22.8 23.9 24.8 25.6 26.2 
3/64 25.2 27.1 28.9 30.7 33.0 33.7 36.0 37.6 38.8 
2/32 30.3 33.0 36.4 38.0 40.5 42.4 46.0 49.4 51.6 | 
5/64 34.5 38.0 41.1 44.2 47.6 50.4 55.5 59.5 64.0 
3/32 38.4 42.2 46.3 50.4 54.4 58.0 64.5 70.0 75.5 
7/04 41.6 46.0 50.8 55.6 60.0 65.1 73.0 79.6 87.1 


6/32 54.0 | 60.8 68.3 76.3 84.5 92.5] 108.5 | 123.2 141.1 
7/32 57.7 65.3 73.8 82.9 92.2 | 102.0 121.0 | 138.9 161.2 
8/32 61.0 | 69.3 78.6 88.8, 99.1 | 110.0 132.0 | 153.0 180.4 
9/32 64.0 | 72.9 83.0 94.1| 105.3 | 117.3) 141.0 | 166.2 198.8 
10/32 66.3 76.2 87.0 98.9| 111.3 | 124.5| 150.5 | 179.3 217.0 


nearly representing the breakdown stress for small conductors 
with a heavy wall of insulation.* 


5 = 0868 V 
7 D 4 
dalogio d. ( ) 


where d, = D/2.72. 


* Potential Stresses in Dielectrics, Бу H. S. Osborne, TRANS. A. I. E. E., 
Vol. XXIX, part 2, p. 1553. 

Discussions, by W. I. Middleton, p. 1587; Henry A. Morss, p.1589; 
Wm. A. Del Mar, p. 1614. 
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The maximum voltage that may be safely impressed upon a 
cable of a given insulating material is proportional to d logie 2, 


and to а constant K, depending оп the quality of material 
(formula 3). 


Values of d logio T are given in Table I, for walls from 1/32 


in. (0.794 mm.) to 10/32 in. (7.94 mm.) thick on various wires 
from No. 14 B. & S. to 1,000,000-cir. mil cable, and these 
values are plotted in Fig. 3. These tables and curves are very 


< -«аннЕи 
УШ ШЕ ИЕ ИШ И ИШ 


WALL OF INSULATION, 64'^ IN.(0397 mm )- 
Fic. 3—RELATION BETWEEN d LOG D/d AND WALL OF INSULATION. 
"dQ'AND'D''IN MILS 


useful in the application of the formula to cable testing, for the 
value of K only needs to be known to determine the allowable 
voltage test or proper diameter. When d 15 expressed in mils, 
K varies from 100 to 250 for rubber compounds, is about 250 
for cambric, and for paper with thin walls is much less than 250 
but is greater than this for walls exceeding 10/32 in. (7.95 mm.) 


STANDARDIZATION OF VOLTAGE TESTS 
Until recently no attempt has been made to standardize volt- 
age tests on insulated wire and cables with reference to the theo- 
retical stress. The result isa chaotic condition of affairs. Avery 


1914] VOLTAGE TESTING OF CABLES 993 


common rule has been to specify a test of 23 times the working 
pressure, the feeling being that this allows a good factor of 
safety. This rule might be satisfactory if the wires were all of 
one size and the same wall of insulation used for each working 
pressure. As such is not the case, the only rational way to test 


all cables is by the d logic 7 rule or a modification of it. 


On October 1, 1905, the Underwriters' Laboratories specified 
that all Code wires for voltages between 0 and 600 volts should be 
tested after ten hours immersion in water, with 1500 volts (alter- 
nating current) for not less than five seconds. That specifica- 
tion showed the influence exerted on most engineers at that 
time by the factor of 21 times the working pressure. 

A little study of Fig. 3 together with the sizes of wires and walls 
of insulation made under the code specifications shows how 
absurd this test was. The conductors varied from No. 14 to 
1,000,000 cir. mils and larger (0.064 to 1.156 in.) or (1.68 mm. 
to 29.4 mm.) in diameter; the wall of insulation from 3/64 in. 
(1.19 mm.) to 7/64 in. (2.78 mm.), (0.469 to 0.109 in.). If the 
3/64 in. (1.19 mm.) wall of insulation on the No. 14 would stand 
1500 volts, it should surely stand much more than this on the 
1,000,000 cir. mil. It would therefore be possible for the 
1,000,000-cir. mil cable to meet this test even were the wall of 
insulation defective or actually less than 3/64 in. (1.19 mm.) 
in places, whereas the main object of the voltage test is to break 
down any such faults. 

The 1911 Code specifications for 0 to 600 volts have, in part, 
remedied this defect by calling for a test of the 1,000,000 cir. mil 
at 3500 volts, but at the higher voltages they still hold to 23 
times the working pressure. The-specifications of some of the 
largest buyers in the country to day are equally inconsistent. 

This is a lamentable condition. It allows too much variation 
in the dielectric strength of the insulating materials. Some of 
this variation may be due to ignorance, and some may be in- 
tentional. When a cable is tested at only one-half the voltage 
to which it should be subjected, there results in many instances 
a carelessness in its manufacture. The writers believe that too 
little has thus far been aecomplished in the line of the standardi- 
zation of cable testing, when compared with other branches of 
engineering. 

The following tests, in Tables II and III, are recommended 
for high- and medium-voltage cables, respectively. Table IV, on 
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the other hand, is the specification as called for by a purchaser for 
the cables listed in Table III. It will be seen that the testing 
pressure recommended is from 14 to 21 times that called for 
by the purchaser. As far as working pressure is concerned, the 
factor of safety demanded by the purchaser in Table IV is, with- 
out doubt, sufficient. Yet the tests called for by this table would 
not begin to show up any but the most serious defects 1n the in- 
sulation of the respective cables. 

The *A. R. E. E. committee on “ Wire and Cable Specifica- 
tions ” has taken the most important step thus far in the stand- 
ardization of voltage tests for cables, in its recent recommenda- 
tions for tests on rubber, cambric and paper insulation. 

From Fig. 3 it will be noted 
that there is but a relatively 
small difference in the values of 


d logio 7 for diameters corre- 


sponding to No. 1 and No. 4/0 
B. & S. gage, consequently one 
set of values covering these 
ranges has been recommended, 
% 5 б 5 29 %--% and is plotted in Fig. 4. 
THICKNESS OF INSULATION of "^ IN (0 0397 c m.) . 
Curve I is recommended for 
Fic. 4—POorENTIAL TESTS oN Cox- А А 
paper апа varnishcd cambric, 
DUCTORS, RECOMMENDED BY À. R. 
E. E. No. 1 ro No. 4/0 A. W. С. curve II for rubber, and curve 


YEST POTENTIAL-KILOVOLTS 
- — N "ә Š 
e w e unr 


I. Paper or varnished cambric. 


II. Rubber. III is the value of Kd logio 5. 


III. 1554 108.10 D/d for No. 1 A.W.G. TL 
are given in mils. Up to a 20/64-in. (7.95-mm.) wall the paper 
and cambric arc rated at a lower working pressure than the 
rubber, for mechanical reasons, but above this they should test 
even better than the rubber. 


OVER-STRESSING CABLES 


Much has been said in the past relative to unduly severe 
testing conditions in that the insulation, initially sound mechani- 
cally, becomes stressed beyond the electric elastic limit when 
tested. Although the short duration of the test may not develop 
any faults, the cable is nevertheless permanently injured, hence 
less able to withstand the shocks incidental to service conditions. 
This may be the case, but fortunately the insulation resistance 


* Association of Railway Electrical Engineers 
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TABLE III 
RECOMMENDED VOLTAGE TESTS FOR Low-VoLTAGE CABLES. 


INSULATED WITH LOW-TENSION RUBBER COMPOUND. VOLTAGE TEST AT FACTORY FIVE 
MINUTES AS PER TABLE; VOLTAGE TEST AFTER INSTALLATION 30 MINUTES AT 50 PER CENT 
OF TABLE VALUE. 


Size conductor Minimum thickness insula- Test pressure, volts. 
tion, inches, 


Stranded 
1,000,000 cir. mils. 4/32 10,000 
750,000 s 4/32 10,000 
500,000 € 4/32 9,000 
350,000 ы 4/32 9,000 
4/0 A. W. С. 3/32 7,000 
2/0 s 3/32 6,500 
1/0 Ы 3/32 6,500 
2 s 3/32 6,000 

Solid 
4 A. W. G. 3/32 5,500 
6 ы 3/82 5,500 
8 s 3/32 5,000 
10 € 3/32 4,500 
12 e 3/32 4,000 
14 ш 5/64 3,500 
14 (3) * conductor 5/64 3,500 
TABLE IV 


VOLTAGE TESTS AS SPECIFIED BY A PURCHASER. 


TESTS ON CABLES INSULATED WITH LOW-TENSION RUBBER COMPOUND. VOLTAGE TEST AT 
FACTORY FIVE MINUTES AS PER TABLE; VOLTAGE TEST AFTER INSTALLATION 30 MINUTES AT 
50 PER CENT OF TABLE VALUE 


Size Strds. Wall. Volts work- 
ing pressure 
Stranded 
1,000,000 cir. mils. 61 4/32 1000 
750,000 š 61 4/32 s 
500,000 z 37 4/32 = 
350,000 s 37 4/32 ui 
4/0 A. W. G. 19 3/32 s 
2/0 ы 19 3/32 2 
1/0 s 19 3/32 « 
2 s 7 3/32 * 
Solid 
4 A. W G. 3/32 1000 
6 š 3/32 z 
з “ 3/32 a 
10 » 3/32 d 
12 s 3/32 S 
14 S 5/04 g 
14 s 3-Cond. 5/64 (no belt) а 
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and the electrostatic capacity enableusto determine the degree 
to which the insulation has been over-stressed. 

Immediately after the stress is applied, the insulation resist- 
ance, measured with direct current, may drop considerably 
below its initial value as obtained a few moments previous to the 
application of voltage. This change may be as great as 50 per 
cent. If further readings of insulation resistance are taken, they 
will show a gradual increase and will approach their initial value 


TABLE V 


WIRES SHOWING RESULTS OF STRESS. 
Megohms in 1000 ft. 


Test | Feet Before 2500 5000 [| After 2 | 5000 | After 2 
No. voltage volts volts hours volts hours 
1 min. 1 min. 5 min. 


— — | reer | ae  _ |———rHy | —————— | ———R |S || MÀ 


— n  — s  —  — | —— | m | —— — —À 


Megohms in 

1000 ft. after 

Break- | repair. 4000 

down, volts, one 
voltage min. 
6 3560 4,800 4,020 | 13,000 4,400 
7 1425 3,500 3,440 | 12,000 4,470 
8 2350 9,000 9,015 | 15,000 8,425 
9 2750 7,660 7,660 | 15,000 9,150 
10 2400 2,950 2,740 7,500 2,810 


if the cable has not been over-stressed, whereas, if it has been 
over-stressed, the resistance recovers but little. Care must be 
taken to Кесер the temperature constant during these tests, for 
insulation has a very large resistance temperature coefficient. 
Table V shows some typical data taken from tests made on long 
lengths of wire as they were passing through the testing room. 
The insulation resistances in tests (1) and (2) were affected 
considerably after the 5000-volt one-minute test, but practically 
recovered after two hours. It is possible that they would have 
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completely regained their initial resistance if allowed sufficient 
time. 

Tests (3), (4) and (5) were first made under the same conditions 
and, except in the case of (3), the recovery was much poorer than 
in the former cases. They were then subjected to 5000 volts for 
five minutes, with a noticeable reduction in the resistances of (3) 
and a very large and permanent reduction in that of (4) and (5). 
These last two were permanentlv injured. 

In tests (6) to (10) inclusive, there was no marked decrease in 
resistance after the 5000-volt test, so thev were broken down, 
repaired by patching the faults, tested at 4000 volts for one 
minute, and the insulation resistance measured again, with the 
results shown in the table. "Tests (7) and (9) gave even better 


TABLE VI 
WIRES SHOWING THE RESULTS OF STRESS. 
Microfarads per 1000 ft. 


Feet Before voltage | After 5000 volts for 
test 1 min. 

3150 0.126 0.130 

2176 0.146 0.150 

2470 0.130 0.134 

2925 0.130 0.133 

2775 0.120 0.124 


results than the initial resistances, due no doubt to patching a 
localized fault. 

Unfortunately, the clectrostatic capacity of these cables was not 
measured after every application of voltage, but Table VI shows 
in a general way the increase of capacity due to stress in the 
dielectric. For a given stress the change in capacity 1s much 
smaller than the change in resistance. 

These results show that it is possible to make a rubber com- 
pound which is not easily stressed, beyond the electric elastic 
limit, and further, that if a compound is so stressed it is possible 
by means of the insulation resistance to determine if the test has 
been too severe. 

FacTOR OF SAFETY 

It is not the intention of the writers to tell the operating engi- 
necrs what should be the factor of safety ina cable system. Great 
fear has been expressed now and then, that engineers, knowing 
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that cables will stand these high-voltage tests, will be tempted to 
use them on higher working pressures than they should. In 
this connection it is well to bear in mind that a factor of 21 
times the working pressure is not applicable to all conditions. 

(1) In two systems of the same kilowatt capacity the cables оп 
that system having the lower voltage should have the greater factor 
of safety. "This is because the surge voltage on the lower-voltage 
system will be greater because ofthe greater current,and the maxi- 


mum possible rise in voltage is e — 1 T where 1 is the amperes 


current transient, and L and C the system inductance and capac- 
ity, expressed in henrys and farads respectively. 

(2) In two systems having the same voltage, those cables operating 
on the system having the greater kilowatt capacity should have the 
greater factor of safety. The reason for this is obvious. Ав has 
been frequently observed, transients that are practically un- 
important in a small system become dangerous if allowed to*take 
place іп а large system. The writers have in mind a case where 
2300-volt distributing cables, when connected to a relatively 
small plant, gave practically no trouble, but later, when this 
smaller system received its energy from a large transmission net- 
work, these same cables, though normally operating at the same 
voltage as before, gave so much trouble that they had to be re- 
placed by cables better suited to the conditions. 


METHOD OF TESTING 


The voltage test can be applied to wires and cables in several 
different ways; by submerging the cables in water; testing them 
against a metallic covering on the outside such as a lead sheath or 
tin foil; and testing one wire against another when there 1s more 
than one wire in the cable. The submersion test is the most 
severe as the water makes very close contact with the outside 
of the cable regardless of any surface irregularities that may be 
present. The water also has a tendency to penetrate into any 
foreign substance that may be in the insulating material, provided 
this substance has any affinity for water. 

All of these tests may be, and generally are, made on rubber in- 
sulated cables. The cambric cables to be braided are generally 
submerged before and after braiding; cambric cables to be lead- 
covered are not submerged, as considerable trouble in drying 
them is experienced, and as they are to be tested after the lead 
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covering has been applied, the submersion test is not necessary. 
Paper cables are not submerged, and all tests are made after 
leading. 

The voltage test, as applied to cables, is practically the same 
whether it is made submerged against the lead, or against the 
contiguous wires, the object being to break down any weakness 
that may exist in the insulation. How much pressure, and for 
how long it shall be applied, are questions that have long been 
the subject of much discussion. | 

For several reasons, it is necessary to apply the voltage test 
to the finished cable and not to a short sample. (1) It is desir- 
able to break down any weak places that may occur in the cable, 
it being quite impossible to avoid entirely such places in manu- 
facture; (2) to satisfy inspectors and purchasers that the cable 
meets specifications as regards dielectric strength; (3) to 
obtain data and information as to the dielectric strength of the 
material; (4) constants obtained in laboratories from tests of 
short’ lengths are not applicable to commercial lengths and are 
usually misleading. 


TESTING APPARATUS* 


Recommendations have appeared at different times regarding 
the type of generator and transformer that it is advisable to use 
for testing purposes, and the consensus of opinion seems to-be 
that a smooth-core generator with field control, and a variable- 
ratio transformer. аге most satisfactory. As will be shown later, 
it is doubtful if the generator of ordinary design can maintain 
its wave form under the severe conditions imposed by cable 
testing. | 

Where cables of some length are to be tested, a frequency 
of 25 cycles is preferable to one of 60 cycles, for the necessary 
generator and. transformer capacities are practically proportional 
to the frequency, and according to the best information the 
writers can obtain there is no appreciable difference in severity 
of cable tests whether made at 25 or 60 cycles. 

In the following tests, made in the testing laboratory of a wire 
manufacturer, the generator used was a motor-driven 25-kv-a., 
220-volt, four-pole, 25-cycle, single-phase alternator, having 10 
slots per pole, and a conductor belt $ the pole pitch. "The trans- 
former capacity was 50 kv-a., 220-50,000 volts. The secondary 
consisted of four separate 12,500-volt coils, capable of being con- 


*High-Tension Testing of Insulating Materials, A. B. Hendricks, 
TRANS. A. I. E. E., Vol. XXX, part I, page 167. 
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nected either in parallel, in series-parallel, or in series. Тһе high- 
tension winding had a total of 12,512 turns, and the low-tension 
55 turns. The reactance voltage was about 6 per cent. 

Fig. 5 shows the generator voltage on open circuit, and ex- 
cept for the tooth harmonics, the e.m.f. wave is practically 
sinusoidal. For testing purposes, this wave is perfectly satis- 
factory if it could be maintained under all load conditions. In 
Fig. 6 is shown the generator voltage wave taken at 220 volts 
when the transformer is connected, and also the exciting current 
wave of the transformer. E" 

This transformer exciting current is about 17 per cent of the 
rated load current of the transformer, but is 34 per cent of the 
rated load current of the generator. This is rather high, and 
further, Fig. 6 and other experiments showed that the transfor- 
mer iron was being operated at unusually high saturation. It 
might well be argued that a large transformer magnetizing cur- 
rent is desirable, as it tends to offset the leading component of 
cable charging current, but it should be remembered that beyond 
a certain core density the additional exciting current is made up 
almost entirely of harmonics which do not neutralize the funda- 
mental. Experience has shown this to be undesirable for other 
reasons. Examination of the current wave in Fig. 6 shows that 
the transformer takes a pronounced third harmonic current, and 
this current reacting on the generator flux tends to start wave 
distortion, producing a third harmonic in the e.m.f. wave as 
shown. If a cable, like most other electrical apparatus, took a 
comparatively small charging current, most of the following 
difficulties, due to wave distortion, would disappear. 

Figs. 7, 8 and 9 show various voltage waves actually obtained 
under different conditions of test. The voltages on the cables, 
given in connection with all the following oscillograms are ac- 
cording to the ratio of transformation, hence, are not strictly 
correct. In actual practise this voltage is determined directly 
from the high tension side by means of a potential transformer. 

The reasons for this distortion are obvious. The generator 
may have, inherently, a sine wave voltage, but the transformer 
exciting current has a prominent third harmonic. This current 
and the single-phase pulsating armature reaction produced on the 
flux wave, will usually introduce harmonics in the voltage wave as 
shown in Fig. 6. This waveis communicated to the transformer 
secondary where the cable intensifies it in its charging current, 
and it is reflected back in the generator current, and increased 
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wave distortion results. These reactions are cumulative and 
will continue to increase until counter-reactions, set up in the 
magnetic and electric circuits become sufficiently great to balance 
them. Generator saturation, generator and transformer series 
leakage reactance and the phase relations of the harmonics may 
tend to counteract distortion. The value of series reactance may 
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Fic. 10—DIAGRAM OF CONNECTIONS 


be such as to produce resonance for one harmonic and not the 
others. 

The generator may be represented by a coil that is a source 
of voltage and having reactance and resistance; the transformer 
may be replaced by a shunt impedance, of a value equal to the 
open-circuit impedance of the transformer, and by two series 
impedances, one representing the equivalent resistance and leak- 
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Fic. 11—EQUIVALENT CIRCUIT DIAGRAM 


age reactance of the primary side, and the other the impedance 
of the secondary reduced to the primary side; the cable represents 
a condenser referred to the primary side and having a very high 
effective resistance. Fig. 11 shows this condition. 

The shunt impedance bd has a decided effect on the generator 
wave form, in that its current wave, especially at the higher volt- 
ages, is mostly made up of harmonics, and these, reacting on the 
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generator flux, are responsible for the initial distortion to which 
reference has been already made. The series circuit a b c d e, 
consisting of the transformer primary and secondary resistances 
and leakage reactances and the condenser, all in series with the 
generator armature, exerts some influence on the generator wave 
form. The magnitude and shape of the generator current wave, 
may be dependent on the relation of inductance to capacity in 
this circuit. Therefore, harmonics may be intensified or di- 
minished depending on their frequency, on the transfor- 
mer inductance and the cable capacity. These effects are 
illustrated in Figs. 12 to 15 inclusive. 

The oscillograms shown in Figs. 12 and 13 were taken when a 
cable having a capacity of 0.1 microfarad was connected to the 
transformer secondary, and those shown in Figs. 14 and 15 were 
taken with another cable having a capacity of 0.13 microfarad, 
connected to the transformer secondary. Two tests were made 
with each cable; one in which all four of the transformer second- 
ary coils were connected is series (50,000-volt) connection, the 
other in which the series-parallel (25,000-volt) connection was 
used. In order to compensate for the change in transformer 
ratio so that the effective voltage on the cable should remain 
approximately unchanged, the generator voltage was practically 
doubled when the change was made from the 50,000-volt to the 
25,000-volt connection. 

Figs. 12 and 14 show the results obtained with the 50,000-volt 
connection, and in each case thc e.m.f. wave is very nearly sin- 
usoidal, and no appreciable harmonics above the third, appear in 
the current wave. In cach of these cases the generator was opera- 
ted at low saturation, a condition in which it would be less able 
successfully to oppose severe reactions on the flux wave. "The 
natural frequency of the transformer and cable circuit 1n the case 
of Fig. 12 is 110 cycles, and of Fig. 14, 96.6 cycles. The shunt 
circuit b d, owing to the variable nature of its inductance, would 
be difficult to take into consideration, except in a very general 
way and was consequently neglected in this frequency deter- 
mination. 

In Figs. 18 and 15, the approximate sinusoidal e.m.f. waves 
shown in Figs. 12 and 14 are distorted, containing fair-size fifth 
harmonics, and third harmonics about 50 per cent of the funda- 
mental. In each case the current wave is even more distorted 
than the e.m.f. wave showing a seventh harmonic, a fifth equal 
in magnitude to the fundamental and a third about twice as 
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great as the fundamental. Im these cases, the natural frequency 
of the circuit was 215 and 192 cycles respectively. 

Thus in each case, with the same generator, the same trans- 
former, the same frequency and the same cable, an approximate 
sine wave is converted into a complex wave by simply changing the 
transformer ratio and the generator voltage. "These phenomena 
cannot be explained on the basis of a resonant series circuit for 
the best wave shapes were obtained when the circuit constants 
were more conducive to the flow of the troublesome third and 
fifth harmonics. However, in these two latter cases the trans- 
former exciting current contains harmonics of very appreciable 
magnitude as shown in Fig. 6, and in the writers' opinion, these 
harmonics are practically responsible for the results that were 
obtained. 

It might also be added, referring to Fig. 11, that in the circuit 
a b c d, the resistance is very small, thus offering excellent op- 
portunities for oscillations to take place during the transient or 
building up condition. Great care must be exercised in raising 
and lowering the voltage, as the possibility of building up an 
abnormal potential across the cable is always present, and this 
may result in a puncture. 

Specific illustrations of this have come to the writers' attention 
on several occasions. When the voltage across a cable was being 
gradually raised, the spark-gap, connected in parallel, would dis- 
charge light sparks, momentarily, when the switchboard volt- 
meter indicated that the potential across the gap was only half 
that at which the gap was set. If the voltage was held constant 
for an instant, the sparking would discontinue, and the voltage 
could then be raised cautiously without further disturbance. 
The fact that the gap was not ruptured showed that a transient 
rise of voltage occurred, but that there was insufficient energy 
to cause a dynamic arc. 


Use ОЕ REACTANCE 


It occurrcd to the writers that the generator current might be 
considerably reduced by using a shunt reactance to neutralize 
the leading component of the cable-charging current, thus secur- 
ing a better wave form by reducing the ampere load on the genera- 
tor. This has been tried abroad* and also by the Edison Electric 
Illuminating Co. of Boston. f 

* Electrotechnischer Zeitschrift, Feb. 27, 1908. 


t“ High-Potential Cable Testing at Boston," by C. L. Kasson, Elec- 
trical World, Vol. 60, p. 354. | 
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We made nine tests, and in every case the same cable was used, 
namely 1000 ft. (305 m.) No. 1/0, 7/32 іп. (5.56 mm.) wall, rubber 
insulation, having a capacity of 0.175 microfarad. Three different 
tests were made at each of three different voltages. At each volt- 
age; first the oscillogram was taken without the reactance; second, 
the reactance was adjusted until the line current was a minimum; 
andthird,thereactance wasadjustedforthebest voltage waveform. 
The results of these tests are shown in Figs. 16a to 18c inclusive. 

The following conclusions are to be drawn from the above 
tests. 

(1) The point of minimum current does not қалайы corres- 
pond to the best wave shape. 

(2) The best wave shape may occur at an abnormally large 
value of lagging current. | 

(3) The wave can not be made sinusoidal in every case. 

(4) At the point of minimum current (usually denoting re- 
sonance for a parallel circuit) the power factor is below 50 per 
cent in two cases, and 70 per cent in the third, and the waves 
are not necessarily in phase. 

Further, in Figs. 18a, 18в and 18c, when the generator volt- 
age was low, there was but slight distortion in the e.m.f. wave, 
which tends to confirm the previous theories as to the effect of the 
transformer exciting current on the e.m.f. wave. 

Thus with a commercial generator and transformer, the e.m.f. 
wave, by the use of reactance, could. not always be made sinu- 
soidal, and when this was accomplished, it was at the expense 
of greater generator capacity. This is undoubtedly due to the 
fact that a circuit can be tuned to but one frequency at a time, 
and when the third harmonic current was neutralized, the react- 
ance allowed a very large fundamental to pass. The power- 
factor is explained by the fact that the harmonic currents in 
cable tests predominate in the current wave, whereas the voltage 
is largely fundamental. The harmonics in the current wave 
contribute no power with respect to the fundamental voltage, 
yet all add up in quadrature, contributing to the volt-amperes. 

These results show that in our particular case, at least, a shunt 
reactance would be of but very little value in improving the gener- 
ator wave form, and reducing the volt-ampere load of the genera- 
tor. 

SINE-WAVE GENERATOR 

As a result of our tests, the wire manufacturer came to the con- 

clusion that a generator of the ordinary design was wholly un- 
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suited for reliable testing of wires and cables. Moreover, no 
manufacturer would guarantee a generator to produce an approxi- 
mate sine wave under these severe conditions of test. "The ser- 
vices of Prof. C. A. Adams of Harvard University were secured, 
and under his specifications such a generator was built and in- 
stalled, rated at 85 kv.a. All oscillograph records, taken up 
to the present time and under various conditions of test, have 
failed to show any departure from a sine wave. 

The 50-kv-a. transformer has been replaced by one rated at 
75 kv-a., 75,000 volts, operating at a much lower core-density 
than the former, and taking a much less distorted exciting cur- 
rent. Hence the distorting influence of this current on the genera- 
tor wave is much less than it was in the case of the 50-kv-a. 
transformer. 

METHOD ОЕ MEASURING VOLTAGE 


It is essential to obtain reliable knowledge of the maximum 
voltage to which the cable may be stressed under the preceding 
conditions of distorted wave form, if the tests are to be of any 
great value. Where the wave varies from a peaked to a flat- 
topped wave, the effective valuc is only a poor indication of what 
the maximum voltage may be. The circuit conditions are a 
function of so many variables that only a wide experience with 
his apparatus enables an operator to know what wave form may 
be expected under any given set of conditions. 

The spark gap immediately suggests itself, as a means of 
determining these peak valucs. Although the needle gap is not 
conceded to be a device of high accuracy yet it is accurate 
enough for the work in hand. "There are objections to its use, 
however. The voltage can only be determined by connecting the 
gapin parallel with the cable to be tested, and noting the trans- 
former primary voltage when the gap breaks down at the prede- 
termined value at which itisset. Thisisa very dangerous practise, 
as a disturbance is created in the highly oscillatory circuit already 
described, and cables have often been known to puncture at a 
voltage apparently much less than their rating, and after the gap 
had actually broken down. The spark gap can therefore be 
used only with considerable care, and the danger of a surge 1s 
always present. Furthermore, it is not a piece of apparatus that 
is easily or quickly manipulated, and is wholly unsuited for a 
testing room where a large number of tests must be completed 
in a short time. 

The oscillograph in its ordinary form is a very satisfactory 


1914] VOLTAGE TESTING OF CABLES 1007 
piece of apparatus for experimental work, but it requires consider- 
able attention, is clumsy to handle, requires skill to manipulate, 
and it does not hold its calibration for any considerable time. 
Prof. F. A. Laws of the Massachusetts Institute of Technology, 
and the writers, have, however, adapted the oscillograph principle 
to an instrument which may be placed directly on the switch- 
board, and from which the peak value of any voltage wave may be 
quickly and accurately determined. A sectional view of this 
instrument is shown in Fig. 19, and is almost self-explanatory. 
The lamp having a straight tungsten filament, is mounted so 
that its distance from the vibrator may be adjusted to suit the 
optical requirements of the system. The light then passes through 
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suitable spherical lenses to the vibrator, from which it is reflected 
through a cylindrical lens to the ground glass screen, where 
the peak of the voltage wave may be determined from the ex- 
tremity of the band of light. 

The necessary vertical and horizontal adjustment of the beam 
of light can be made from the front of the switchboard by means 
of two milled heads which actuate the two adjusting rods. To 
compensate for changes in the amplitude of vibration due to. 
variations of temperature and other causes, an adjustable 
rheostat is connected in series with the vibrator, and by throwing 
the vibrator circuit on direct current, with a double-throw switch, 
the calibration can be quickly and accurately made. A double 
scale is also provided. The magnets are operated at high satura- 
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tion so that fluctuations in exciting current affect the instrument 
but slightly. The instrument as used, is connected to the sec- 
ondary of a potential transformer, whose primary is connected 
directly to the high-tension circuit. Other views of the instru- 
ment are shown in Figs. 20 and 21. 

To the manufacturer the importance of this type of instru- 
ment is evident. He is aware of the maximum stress at which 
his cables are being tested at all times, regardless of generator 
and transformer wave-form. Мо additional factor of safety 15 
necessary in the cable due to uncertainty on this point. Further- 
more, purchasers and inspectors can be quickly and convinc- 
ingly shown that their cables are being tested at thespecified 
voltage, without employing a troublesome oscillograph or a 
spark-gap, and without exposing the cable to the dangers accom- 
panying the use of this latter device. | 

This instrument is not only useful for cable-testing, but can 
be employed to advantage where apparatus other than cables 
must undergo potential tests. The e.m.f. waves of all testing- 
generators are not sinusoidal, even at light loads, and their 
wave-form may change with the field excitation. 

When the e.m.f. is taken directly from a commercial circuit 
supplying other loads, this voltage wave may vary with the load 
and the number of generators on the system, as well as through 
the compensators and other control devices employed. 

This voltmeter is also capable of indicating slow-period tran- 
sients which the ordinary type of meter owing to its inertia can- 
not follow. Instances of this have come to the writers’ attention 
in the cases already cited, when the voltage was being raised on 
a cable. In a certain power system, it was found necessary to 
change the lightning arresters from 2300 to 3300 volts owing 
to the fact that continual discharges were taking place due to a 
considerable length of submarine cable having been added to the 
system. Whether this was due to a change in wave-form or to 
surges, the writers are not prepared to say, but such an instru- 
ment would have quickly given the required information. 

In closing the writers wish to express their thanks to Prof. 
F. A. Laws, of the Massachusetts Institute of Technology, for 
his part in the developement of this instrument; to Mr. W. G. 
Wolfe, of Boston, for his assistance in developing the optical 
system; to Professors C. A. Adams, H. E. Clifford, and A. E. 
Kennelly of Harvard University, for their helpful suggestions 
and criticisms during the preparation of this paper. 
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DIRECT-CURRENT MOTORS FOR COAL AND ORE 
BRIDGES 


—— 


BY R. H. MCLAIN 


ARSTRACT OF PAPER 


This paper gives a brief description of the mechanical ar- 
rangement of а coal bridge. The bridge consists essentially 
of a trolley car with hoisting mechanism for a self-filling bucket. 
А series-wound motor is recommended for driving the trolley 
car; and the proper method of gearing the motor for the most 
economical results is discussed. A series- wound motor is recom- 
mended for a low-speed hoist and a shunt-wound motor for a 
high-speed hoist. The relative merits of the two methods of 
winding the motor are considered. 


——— — 


MAN trolley type coal or ore bridge consists essentiallv 
of a trolley car on an elevated railway carrying a selt- 
filling bucket, with machinery for hoisting, lowering, opening and 
closing the bucket. The name of this type of bridge comes from 
the fact that the operator rides in the car. The bucket is sus- 
pended on two ropes, a “ closin line " and a “ holding line.” If 
the holding line is stationary, the bucket will close when the 
closing line 1s taken 1n and will open when the closing line is let 
out. The elevated track or bridge spans а storage pile and 
usually extends out over a slip of water to cover a boat and often 
extends over railroad tracks on the other end. The bridge is sup- 
ported on rails and can move along the storage pile. 

Either one motor or two motors, in parallel, are used for pro- 
pelling the trolley car. Generally two motors are used—one 
at one end and one at the other end of the car— so as to get uni- 
form weight distribution and maximum tractive effort from the 
car wheels. Two hoist drums are used, one for the closing line 
and one for the holding line. The closing line drum is geared 
directly to a motor, while the holding line drum may be either 
driven from the closing drum through a clutch or geared to a 
separate motor. 

Sometimes it is deemed advisable to use two motors geared to- 
gether, instead of one, so as to get mechanical advantages in the 
trolley, such as even distribution of weight, and so оп. For pur- 
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poses of this paper we will consider that one motor is used for 
propelling and that one motor does all of the hoisting. Where 
two motors are geared together and used as one, the character- 
istics are the same as if one motor were used, except that special 
precautions are taken in the design of the controllers to make the 
motors divide thetr loads properly. 
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Fic. 1—SPEED-ToRQUE-CURRENT CURVES OF A 100-н. P. SERIES-WoUND 
MOTOR 


The problem for the propelling service is to move the car back 
and forth over the storage pile, making trips of various lengths, 
as quickly as possible. The distances vary from 50 to 600 ft. 
(15 to 180 m.), and the car speeds may reach a maximum of 1500 
ft. (460 m.) per minute. A series-wound motor is well adapted 
for this service because it exerts about 50 per cent greater torque 
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per ampere on starting than on running. This feature makes a 
considerable saving in power consumption and power peak, as 
well as in the size of the motor, because most of the work of this 
motor is the starting and stopping of the trolley. The usual 
acceleration. for the trolley is 1.5 to 2.5 ft. (46 to 76 cm.) 
per second per second. The speed for which the trolley is geared 
to run after all accelerating 15 completed—the “ free running 
speed "—should be determined from the distance to be traveled 
and the time allowed for making the trip. For short trips the 
free running speed should be low and the accelerating rate high; 
while for long trips the free running speed should be higher and 
the accelerating rate lower. Оп а given coal bridge the averave 
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Fic. 2--5рЕЕр-Тіме AND CURRENT-TIME CURVES or A 45-ToN MAN 
TROLLEY, GEARED TO A 100-н. P. SERIEs-WouND MOTOR 


Maximum speed i motor, 655 rev. per min.; maximum speed of trolley, 19.75 ft. per sec. 


length of trip should determine the values to be used. In order 
to study the problem the writer has made up a number of curves 
showing the distance traveled in given times for various free 
running speeds and various rates of accelerating. These curves 
were made by plotting speed-time curves and integrating them to 
find the distance traveled. 

Fig. 1 shows the speed-torque current curve of a series-wound 
motor. If this motor is geared to a trolley whose weight is 45 
tons,* gear loss 10 per cent, rolling friction 35 1b. (16 kg.) per 
ton, free running speed 19.75 ft. (6.02 m.) per second, accel- 
eration and retardation 1.8 ft. (55 cm.) per second per second, the 


speed-time curve will be as shown in Fig. 2. The area of this curve 
MH ——_ Y mVVU tr  Í—— v ÉI nT s— ———@— 
*1 short ton =0.90718 metric ton. 
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represents the distance traveled by the trolley in 60 sec. Fig. 
3 and 4 show the net results of a number of curves like Fig. 2. 
Fig. 3 shows feet traveled plotted against seconds for free run- 
ning speeds between 7.5 ft. (2.3 m.) per sec. and 25 ft. (7.6 m.) 
per sec., acceleration and retardation being taken as 1.5 ft. 
(46 cm.) per sec. per sec. Fig. 4 1s like Fig. 3, except that 2 ft. 
(61 cm.) per sec. per sec. is used. 

It is interesting to note on Fig. З that if only 75 ft. (23 т.) isto 


с 


Fic. 3-- DisTANCE-TIME CURVES FOR А 45-TON MAN TROLLEY GEARED 
TO A SERIESs- WoUND MOTOR FOR “ FREE RUNNING SPEEDS" VARYING 
FROM 7.5 TO 25 FT. PER SEC. 

Acceleration equal to retardation equal to 1.5 ft. per sec. per sec. 


be traveled it will take 14.5 sec. no matter whether the free run- 
ning speed is more than 10 ft. (3.05 m.) per sec. or not. Conse- 
quently for 75-ft. (23-m.) trips there is no need of gearing for more 
than 10 ft. (3.05 m.) per sec. Likewise for a 150-ft. (46-m.) 
trip there is no need of gearing for more than 15 ft. (4.6 m.) 
persec. Itiseasily understood that where low trolley speeds are ` 
used a given drawbar pull for accelerating can be obtained with 
the expenditure of less power than when high speeds are used. 
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It is also interesting to note that if 225 ft. (68.5 m.) must be 
travcled in 25 sec. and an acceleration of 1.5 ft. (46 cm.) per sec. 
per sec. (Fig. 3) is used, the free running speed must be 18 ft. 
(5.5 m.) per sec.; while if 2 ft. (61 cm.) per sec. per sec. (Fig. 4) is 
used, the free running speed need be only 13 ft. (3.9 m. ) per sec. 
For distances less than 225 ft. (68.5 m.) the first method of gear- 
ing would require more time per trip and for distances greater 
than 225 ft. less timo. 
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Fic. 4—DisTANCE- TIME CURVES FOR А 45-ToN MAN TROLLEY GEARED 
TO A SERIES-WouND MOTOR FOR “ FREE RUNNING SPEEDS ” VARYING 
FROM 7.5 TO 25 FT. PER SEC. 

Acceleration equal to retardation equal to 2 ft. per sec. per sec. 


For the control of a rack motor, simple rheostatic control of the 
automatic magnetic type should be used. On account of the 
large amount of kinetic energy to be dissipated when stoppiny the 
trolley it is advantageous to use the motor as a generator for 
stopping and thus save the maintenance of mechanical brakes. 
To obtain this braking the armature, series field and a rheostat 
should be connected in such relation that the ficld will build 
up the armature generate as shown in Fig. 5. Тһе value of resis- 
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tance should be such that at the maximum speed of the me tor 
sufficient current and voltage will be generated to give the desired 
rate of braking. As the generator speed decreases the resistance 
should be decreased so as to maintain a uniform current. and 
consequently uniform braking torque. 

'To determine the conditions of motor load let us take the case 
of the motor in Fig. 1 geared to the load described in Fig. 2. 

Weight of load = 45 tons. 

Rolling friction = 35 Ib. (16 kg.) per ton when acceleratiny. 

Gcarloss — 10 per cent. 

Motor so geared that 655 rev. per min. corresponds to 1185 ft. 
(361.2 m.) per min. or 19.75 ft. (6.02 m.) per sec. 

Acceleration = retardation = 1.8 ft. (55 cm.) per scc. 
per sec. | 

Assume rolling friction 30 1b. (13.6 kg.) per ton when slowing 
down. 

Assume gear loss 5 percent when slowing down. 

Pounds torque at one-ft. radius* required to accelerate the 
motor to 655 rev. per min. in 11 seconds = 74.5. 

Then 

Drawbar pull to accelerate = 2 e с 5010 1b. 

32.2 

2256 kg.). 

Drawbar pull for rolling friction = 45 X 35 = 1570 lb. 
(712 kg.). 
2040 X 1182 


| E _ = 1610 
655 x2xmxügo ^ 19 


Torque to accelerate load = 


]b-tt. 

» 1570 X 1185 = | 

l'orque to propel = 655 x 2 x T X 0.90 = QUU lb-ft. 

Torque to accelerate armature = 74.5 lb-ft. 

Total torque required while accelerating = 2184.5 lb-ft. 

In Fig. 1, 2184.5 lb-ft. torque corresponds to 630 amperes. 
After all starting resistance is short-circuited and the motor ts 
connected to 230-volt supply its speed will be (from Fig. 1) 402 
rev. per min., which corresponds to 12.2 ft. (3.7 m.) per scc. 
Time required to attain this speed will be (12.2 + 1.8 =) 6.8 scc. 
After this speed is attained the acceleration will be grad- 
ually reduced until uniform speed is attained. In Fig. 2 15 
plotted the current which corresponds to the speed and accelera- 


#2 Ib-ft. = 0.1383 kg-m. 
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ting rate of the саг. After 19.75 ft. (6.02 m.) per sec. is attained, 
(19.75 + 1.8 =) 11 sec. will be required to stop. 
Drawbar pull to retard = 


45 X 2000 x 1.8 
32.2 


Drawbar pull for rolling friction = 45X30 = 1350 Ib. (612 kg.) 
Net required drawbar pull = 3690 lb. (1674 kg.) 


= 5040 Ib. (2286 kg.). 


Net torque corresponding = 
3690 Х 1185 X 0.95 
655 X 2 Хт 


Torque to retard motor = 74.5 lb-ft. 


Total torque to retard = 1084.5 lb-ft. 


= 1010 lb-ft. 


From Fig. 1, 1084.5 lb-ft. torque corresponds to 375 amperes 
and 500 rev. per min. If we assume that the motor has an in- 
ternal resistance of 0.04 ohm its internal voltage with an ex- 
citation of 375 amperes at 500 rev. per min. will be 230 — (375 
X 0.04) = 215 volts. At 655 rev. per min and 375 amperes the 


internal voltage will be approximately 529 x 215 = 282 volts. 


The resistance in series with the armature must therefore be 
282 + 375—0.04 = 0.715 ohm. 

A series motor will build up as a generator when its field and 
armature are connected in the proper relation, but it takes 
several seconds for this to take place. Therefore it is advisable 
to excite the field separately with a small amount of current so | 
as to hasten this action. Now, суеп with separate excitation, 
about one second more may elapse before full magnctic strength 
is attained. During this time there has been some braking action 
from the motor, so that by the time full magnctism 15 attained, 
the speed is less than 655 rev. per min. and the voltage never 
attains the value of 282 which was calculated. 

When the time constants of the magnetic field and the ab- 
solute voltage and current capacity of a motor are well known 
it is possible to get results in braking which are far superior to the 
calculated conditions in Fig. 2. The retardation may be 
made much greater without overloading the motor in either 
current or voltage or kilowatt output. Fig. 5 shows the connec- 
tions for a rack motor controller which gives power and dynamic 
braking in both directions of rotation. The resistance blocks 
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must be proportioned not only for smooth accelerating but for 
retarding in the proper manner to suit the motor characteristics. 

For hoist service wc have the choice of series, compound or 
shunt-wound motors. "The conditions which affect the choice 
are voltage variation, amount of power available, height of hoist 
and time required for the trip. A voltage variation of 10 to 20 
per cent is usual. The power supply is gencrally limited, or at 
any rate peaks are penalized. Тһе height of hoist in some loca- 
tions is as low as 40 ft. (12 m.) and in others as high as 180 ft. 
(55 m.). Time allowed for the hoist may be anywhere from 6 to 
15 sec. 

The hoisting speed is of course fixed by the distance and time. 
Where a low speed is used the time of starting and stopping is 
unimportant, but for high speeds the time consumed in this way 
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Fic. 5—CONTROLLER CONNECTIONS OF A SERIES-WouND PROPELLING 
MOTORON A MAN TROLLEY COAL BRIDGE 


15 all-important. It is my opinion that a series-wound motor 
should be used for speeds of 360 ft. (110 m.) per min. or less if the 
height of hoist is such that at the speed used more than 8 sec. 
are consumed in the trip. For greater speeds and shorter time 
periods а compound-wound motor should be used. For still 
greater speeds of, say, 700 ft. (213 m.) per min. or more, a shunt- 
wound motor should be used. In order to present my ideas I 
will use two extreme examples. 

Let us take a speed of 300 ft. (91.5 m.) per min., or 5 ft. (1.52 т.) 
per sec., a height of 40 ft. (12 m.) and a bucket which has 35 
ft. (10.6 m.) of rope to be taken up while it is closing. It is 
possible on such a bucket to let the motor run at full speed 
while the bucket blades are in the act of coming together and the 
bucket 15 starting up; therefore no time is lost by running at re- 
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duced speed from the time the motor attains full speed in starting 
to close until the bucket is fully hoisted. If a shunt motor were 
used, 1.5 sec. would be required to start, 1 sec. to stop and 13.75 
sec. would be required for full-speed running to wind up the 
whole seventy five ft. (22.8 m.) of rope. This makes a total of 
16.25 sec. to make the trip. If a series motor were used, the 
same time would be required, except for the fact that while the 
bucket is being closed the load on the motor is small and the 
motor speeds up. The motor will run about 30 per cent above 
normal speed for most of the closing period, but toward the end 
of this period the load increases and the speed comes down to 
normal. About onesecond is saved by the series motor on each 
trip. Therefore the shunt motor would have to be geared for 6 
per cent more speed in order to make the trip as quickly as the 
series motor, and would take 6 per cent more power while hoisting 
at full speed. Automatic current limit control is used on these 
motors; and since, at times, it is necessary to start the bucket from 
midair, the relays must be set for a current which will be great 
enough to start the loaded bucket even at the lowest line voltage. 
No more than this current 15 required, because the time of starting 
is unimportant. When a rclay drops and a contactor short- 
circuits a block of resistance there is a consequent current 
peak. For a given number of contactors, the ratio of these 
current peaks to the current at which a relay drops is at least 10 
per cent more for a shunt than for a series motor. Furthermore, 
the current at which a relay drops must be made greater on a 
shunt motor, because, on low voltage and consequently weakened 
field, more current is required for a given torque than is required 
on a series motor whose field strength is not affected by voltage 
variation. On 80 per cent of normal voltage the current in a 
shunt motor may increase as much as 10 or 20 per cent. Sum- 
ming up the above statements, we see that the starting current 
on the shunt motor will be about (1.06 X 1.10 X 1.15 =) 1.34 
times the starting current on a series motor. The series motor 
has the further advantage that when the bucket is not digging 
much coal and the weight is reduced, the speed will increase. 
Another advantage is that the series motor can stand the rapid 
voltage fluctuations with no damage, while a shunt motor may be 
damaged. 

On high hoist speeds all of the advantages mentioned above 
for the series motor disappear, and a very decided advantage 
appears for the shunt motor. At these high speeds it is import- 
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ant that the full hoisting speed be as nearly constant as possible, 
regardless of voltage or load. The speed of a series motor тау 
vary at least 30 per cent more, under service conditions, 
than that of a shunt motor. If the speed is say, 15 ft. (4.57 m.) 
per sec., 30 per cent variation means 4.5 ft. (1.37 m.) per sec. 
An operator cannot be expected to hoist to the correct height 
under such conditions without wasting considerable time run- 
ning at low speed just before stopping at the top. Another 
advantage of the shunt motor is that it is very easy and simple 
to provide dynamic braking for stopping at the top so that no 
time need be wasted in getting stopped. 

Let us take the example of 900 ft. (274 m.) per min. or 15 ft. 
(4.57 m.) per sec. speed, and 90 ft. (27.4 m.) height. A shunt 
motor will close the bucket as quickly as a series motor because 
the bucket will not dig properlv if either motor runs at full speed. 
It is necessary to slow down or stop just as the bucket blades close, 
because the speed is so high. In order to make it worth while 
to use such a high speed, not over 3 sec. can be allowed for accel- 
erating. This means that a rate of 5 ft. (1.52 m.) per sec. per sec. 15 
used for acceleration or an extra pullof 15.5 per cent on the bucket. 
About 15.5 per cent additional pull is required to accelerate the 
drums and gears. In most cases a torque equivalent to 50 per cent 
of the pull on the bucket is required to accelerate the motor arma- 
ture. The total torque required for accclerating in 3 sec, and for 
hoisting 1s therefore 181 per cent of the torque required for hoist- 
ing alone. In order to accelerate so quickly the current relays 
must be set to drop down at 145 per cent of the hoisting current. 
This is so high above normal that even on 80 per cent voltage the 
motor will'start and therefore no extra current peaks are encount- 
ered, as would be the case on a low-speed hoist. There would, 
however, be greater peaks of current caused by the short cir- 
cuiting of the starting resistance, unless the field were made 
especially strong for starting and then reduced to normal strength 
during fullspeed running. An increase of speed due to a light 
load is a disadvantage on such a high speed because it deceives 
the operator and causes mistakes in the height to which the 
bucket is hoisted. А motor which has enough reserve capatity 
on its commutator to stand the 81 per cent overload encountered 
at starting will not be liable to much damage from fluctuating 
voltage, and therefore no extra cost need be put into the motor 
to make it stand this condition. 

As mentioned above, it is advantageous to stop at the top with 


1914] Mc LAIN: DIRECT-CURRENT MOTORS 1019 


dynamic braking on a high-speed hoist. If the motor is geared 
directlv to its load the combined motor and load, for the case of 
900 ft. (274 m.) per min. speed above stated, would coast (0.81 x 
3 =) 2.43 sec. after power is shut off, and in this time would travel 
(2.43 X 15 + 2 =) 13.2ft. (4 m.) One second of this time could 
be saved by waiting till the bucket is within 7.5 ft. (2.3 m.) of the 
top and then applying full capacity of the motor as a brake bv 
connecting resistance in parallel with the armature. Such an 
arrangement has other practical advantages. For example, 
if the bucket is Just starting out of a boat and is about to strike 
a hatch coaming, it is imperative that an easy means of making a 
quick stop be at hand. 

It is common practise on low-speed hoists which use series 
motors to lower the empty bucket by dynamic braking. All 
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Fic. 6—CONTROLLER CONNECTIONS OF А SERIEs-WouxNp Hoist MOTOR 
ON A COAL BRIDGE 


that 1s needed is to determine the torque on the motor shaft bv 
making mechanical calculations. Find the current which flows 
in the motor, when this torque is exerted, by referring tothe 
motor curve. Provide a rheostat in series with the armature 
and series field of such value that voltage drop in the rheostat 
with necessary current flowing will be equal to rated voltage of 
.the motor. Many motors can stand more than rated voltage 
under this condition, because the current is relativelv small. 
Thus the lowering speed can be much more than the hoisting 
speed. However, when this resistance is short-circuited to stop 
the motor, there 1s a large current peak which causes an increase 
in the motor voltage before the speed is actually reduced, be- 
cause the current peak over-excites the field. It is, therefore, 
necessary to do this short-circuiting in several small steps, else 
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the momentarily high voltage, current and speed will cause 
damage on the commutator. Fig. 6 shows controller connections 
for such a motor. Resistance blocks E, F and G are proportioned 
for the uniform acceleration of the motor under load. Blocks 
C and D are added to give total resistance sufficient for lowering 
at high speed. This particular controller is arranged to give a 
limited amount of power to the motor in a lowering direction for 
the purpose of accelerating the motor quickly when the bucket 
is being opened. ü 

Electricity for coal and ore bridge operation is now a necessitv. 
No other form of power is capable of being transmitted so readily 
to the place where it is needed for use. Electricity has proved to 
be far cheaper than steam for this purpose. Practically all of the 
unloading of boats on the Great Lakes is done with electric power. 


To be presented at the 31st Annual Convention of 
the American Institule of Electrical Engineers, 
Detroit, Mich., June 23, 1914, under the aus- 
pices of the [ndustrial. Power Committee. 
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CONCATENATED INDUCTION MOTORS FOR ROLLING 
MILL DRIVE 


BY WILLIAM OSCHMANN 


---------------------------- 


ABSTRACT ОЕ PAPER 

The paper describes a six-speed concatenated induction motor 
set for driving the finishing rolls of a 12-stand continuous mill. 
Analysis of the conditions in this mill showed that the use of a 
low-pressure turbine would lead to the waste of a large amount 
of exhaust steam and that the alternating-current turbine plant 
which was in operation had ample reserve capacity for driving 
the mill. “hc large number of speeds required suggested the 
use of a direct-current motor, but as this required a motor-gen- 
erator set it was found to be more expensive than the concaten- 
ated motor. Aninduction motor operating with a speed regulat- 
ing set was also considered but its disadvantages lay 1n the fact 
that a commutating motor or synchronous converter would be 
required, the performance of which at the frequency employed 
being questionable. Тһе concatenated set installed consists of 
a double-wound main motor and single-wound secondary motor, 
both stators mounted on a common bed-plate and both rotors 
оп а common shaft. The larger motor has both a 14- and 16- 
pole stator winding and the secondary motor has its winding 
arranged for four- and eight-pole connections. The control sys- 
tem is described in detail; its operation is very simple, so that 
no regular attendant is needed. The motor has six definite 
speeds and two additional resistance speeds, and while the con- 
trol is somewhat complicated it has been made so nearly fool- 
proof as to make a special attendant unnecessary. As a result 
of the year’s operation there have been but three interruptions, 
the total loss of time due to which has been 68 minutes. 


HE USE of a six-speed concatenated induction motor for. 
rolling mill work is of more than passing significance at 
this time, and a discussion of the various factors which dc- 
termined the selection of this type of drive, and the results ob- 
tained, will no doubt be of interest. This motor is used to drive 
the finishing rolls of a twelve-stand continuous mill. The output 
of the mill consists of round stcel rods ranging from 23/64 to 
1} in. (9.1 mm. to 38 mm.) in diameter, also small flats, squares 
and special sections. The former general arrangement of this 
mill is shown by Fig. 1. 

The two heating furnaces are of the continuous type, the billets 
being convcyed from the furnaces at А to the roughing rolls of 
the continuous mill at B, by a chain-driven roller conveyer. 
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The roughing stands are twelve in number, all two-high, and 
are driven through spur and bevel gears by a 44 by 60 in. (112 
by 152 cm.) simple non-condensing Corliss engine, running at 
about 65 rev. per min. average speed. The number of roughing 
stands used depends upon the size of the finished bars. In 
rolling some of the larger sizes, but six or eight of the twelve 
stands are used. 

From the roughing stands, the bars are delivered through 
pipe conveyers to the finishing rolls. These are four stands of 
two-high 11-in. (28-cm.) dfameter rolls, and were formerly belt- 
driven by a 28 by 36 in. (71 by 91 cm.) simple non-condensing 
engine, running at speeds varying from about 85 to 145 rev. per 
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min., the engine and mill speed being adjusted to suit the size 
of material rolled. Changes in roll specd were obtained by vary- 
ing the engine speed, the engine governor being driven through 
friction disks, thereby allowing the engine speed to be readily 
changed. 

The engine belt wheel was 218 in. (554 cm.) in diameter, 
the mill pulley 65 in. (165 cm.) in diameter, giving about 3.35 to 
1 speed ratio, thus giving a speed range on the rolls from about 
285 to 480 rev. per min. The four stands of rolls are used on 
this mill for practically all sizes; on certain sections, however, 
but two stands arc used. 

Steam for operating the engines was obtained from the 
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boiler plant shown in Fig. 1, consisting of two boilers equipped 
with chain grate stokers, and three hand-fired boilers. The 
balance of the mill equipment consists of a rope-operated cooling 
bed, shears, scales and rod coiler. | 

The extreme speed range of 285 to 480 rev. per min. on the 
finishing stands of this mill is directly due to the inability to roll 
1$-1п. (38-mm.) rods at a higher speed than 300 rev. per min., 
or to secure sufficient tonnage of the small sizes without а higher 
speed, the large number of sizes rolled making impossible the 
ideal mill arrangement of a single-speed mill, rolling a practically 
constant-size product. 

This mill was built a number of years ago, and has undergone 
a gradual increase in speed and output, until the capacity was 
fixed by the inability of the 28 by 36 in. (71 by 91 cm.) engine 
to stand further increase in speed or output. The maintenance 
of this engine and the mill belts was high and the overall economv 
low. For these reasons it was decided to replace this engine 
by a larger and more powerful engine or some other tvpe of 
drive. It was readily seen that an engine and belt-driven mill 
at a higher speed would not be desirable (the belt speed of the 
28 by 36 in. engine being about 8000 ft. (2440 m.) per min. 
when rolling the small sections and it being impracticable to re- 
duce the size of the mill pulley). An engine with a gear or rope 
driven and a higher first cost, than a motor-driven mill, also a 
larger figured operating cost, due principally to about 25 per cent 
higher coal cost at the mill than at the stecl companv's central 
power plant. 

This mill presented some very interesting features: first, the 
different speeds required; second, the fact that the steel company 
had an a-c. turbine power plant with ample reserve capacity 
for driving the mill; and third, that the exhaust steam from the 
44 by 60-in. (112 by 152 cm.) engine seemed to offer an ideal 
exhaust steam turbine location. 

Tests were made on both mill engines in order to determine the 
power requirements of the finishing rolls and the exhaust steam 
available from the 44 by 60-in. engine, also the time relation 
between the power requirements of the finishing rolls compared 
with the steam supply from the 44 by 60-in. engine. 

These tests were made by taking simultaneous continuous 
indicator cards on both engines, and mill speeds and the work in 
both mills being observed at the same time. Several tests of 
different sizes were made. The results of some of these tests 
are shown on Curves 1 to 19. 
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Curve 1 is for 3 in. (9.5 mm.) diameter round rods, and shows 
the horse power of each mill, also the exhaust steam available 
from the 44 by 60 in. engine, and the steam required by an ex- 
haust steam turbine to drive the finishing rolls. These tests 
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showed that sufficient steam was available, but that a small 
regenerator would probably be required. Tests on this size 
gave about 500 h.p. as the average power required and also 
showed a maximum mill speed of 472 rev. per min., and an 
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average speed of 462 rev. per min. Curve 2 15 for а test of the 
28 by 36 in. engine on this size. These tests show a peak 
torque of about 8000 Ib. (3630 kg.). The maximum steam de- 
mands are greater than the minimum steam available; the periods 
of insufficient steam supply are extremely short. Curve 3 gives 
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the calculated duty cycle at the maximum mill output, the 
effective torque being 6000 Ib. (2720 kg.), the h.p. 545, and the 


peak h.p. about 635. 
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Curve 4 is for 29, 64-in. (11.5-mm.) round steel rods, and shows 


an abundance of exhaust steam. The maximum mill speed on 
this size was 456 rev. per min. and the average about 442 rev. 
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per min.; the r.m.s. horse power was 425. The peak torque was 
about 6000 Ib. (2720 kg.), and the peak h.p. about 500. Curve 
Š is for a test of the 28 by 36 in. engine on this size. Curve 6 
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gives the calculated duty cycle at the maximum mill output, 


the r.m.s. 


torque being 5400 lb. (2450 kg.), the h.p. 488, and the 


maximum horse power about 573. 
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7 is for 47/64 in. (18.6-mm.) round rods, and shows the 


steam supplv to be less than the stcam required; this is due to 
but eight stands of roughing rolls on the continuous mill being 
used. "This curve shows that in order to secure the best results 
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pressure turbinc and a small regenerator would no doubt 


be necessarv. On this test the maximum mill speed was 448 


rev. per 


min., the average 432 rev. per min., and the r.m.s. 


horse power 639. Curve 8 is for a test of the 28 by 36 in. 


1914] OSCHMANN: MILL MOTORS 1033 
engine on this size. This test shows a maximum torque of 9300 


Ib. (4220 Ер.), and a maximum h.p. of 740. Curve 9 gives the 
calculated dutv cycle at the maximum mill output, the r.m.s. 
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torque being 8300 Ib. 3760 kg., the horse power 662, and the 


maximum horse power 780. 
Curve 10 is for 1-іп. (22.2-mm.) round rods and shows that 
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the stcam available is about equal to that required, but that a 
regenerator should be used. The maximum observed mill 
speed on this size was 382 rev. per min., and the average about 
360 rev. per min., with a horsc power of 510. Curve 11 is for 
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a test of the 28 by 36 in. engine on this size. The tests of this 
size show a maximum torque of nearly 10,000 Ib. (4536 kg.) 
with about 650 horse power demand. Curve 12 gives the cal- 
culated duty cycle at the maximum mill output, the r.m.s. 
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torque being 8400 1b. (3810 kg.), the horse power 575, and the 
maximum horse power 650. 

Curve 13 is for 63/64-in. (25-mm.) round rods and shows 
that the steam available exceeds the steam required. This is 
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due to but two stands of finishing rolls being used. The maxt- 
mum observed mill speed was 312 rev. per min., the average 
about 300 rev. per min., and the r.m.s. horse power 340. Curve 
14 is for test No. 2, and Curve 15 for test No. 4 on this size. 
In test No. 2 both passes were in the mill at the same time, 
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resulting іп "very high peaks with long rest periods between, 
while in test No. 4 the two passes did not coincide. The total 
amount of work donc, whether rolling is done with high peaks 
and long rest intervals, or low peaks and shorter rest periods, 
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is practically the same. In the calculated duty evele for the 
maximum mill output (Curve 16), the peaks are taken on the 
basis of the two passes not occurring at the same time; this gives 
а cycle similar to test No. 4, the r.m.s. torque being 6800 Ib. 
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(3080 kg.), the horse power 414, the maximum torque 9800 Ib. 
(4445 ky.), and the horse power 545. 

Curve 17 is for 14-in. (31.7 mm.) round rods and shows the 
steam required to be in excess of the steam available. The 
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maximum observed mill speed was 314 rev. per min., the aver- 
age being 285 rev. per min., and the horse powcr about 400. 
Curve 18 is for a test of thc 28 by 36-in. engine on this size, and 
shows high peaks when passes опе and three coiricide. Curve 
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19 is the calculated torque to give maximum mill output and 
cives an effective torque of 7500 1b. (3400 kg.), with a horse 
power of 604, and a maximum horse power of 640. 

А summary of the foregoing tests gives: 


Diameter of Rod Mill speed 

—— — —-——— —————-—|Effective! Peaks |Lb.steam|Lb.stcam| Mill speed 

in. mm. max. | Average h.p. h.p. avail- |demand-| desired 

able ed 

3/38 | 9.5 472 462 500 669 25,300 14,900 475 - 480 

99:64 ! 11.5 456 442 125 909 21,200 13,500 475 - 480 

47/64 | 15.6 118 432 639 738 15,250 19.100 420 - 435 

7/8 | 222 482 x 360 210 635 17,600 15,300 .| 360 - 375 

63,61 250 312 300 310 2% 18,100 10,250 305 - 310 

] l;4 31.7 314 | 285 400 600 10.500 13,000 285 - 300 


The test results show that a large amount of exhaust steam 
would be lost in case the low-pressure turbine were used for 
driving the finishing rolls directly. Also it was found that the 
low-pressure turbine would be wasteful of stcam if the turbine 
speed varied with the mill speed. Gearing the turbine to the 
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mill was not looked upon favorably, as the experience with 
several turbine gears on pump work had not been entirelv 
satisfactory. A further objection to the turbine was the cost 
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of condensing water and the investment necessary for pumping 
equipment and pipe lines. 
A careful consideration of the various drives resulted in the 
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decision to install a motor drive, cither a-c. or d-c., and obtain 
power from the steel company’s central power plant. It was 
found that this would give an economical drive and be lower 
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in first cost than either a rope or geared engine. Also, the use 
of a motor would not interfere with the future installing of the 
exhaust steam turbine, which could operate in parallel with the 
company’s power plant. 

At this time, it may be of interest to state the reasons w hich 
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influenced the purchase of a concatenated motor instead of, 
first, a direct-current motor, or second, an induction motor 
operating with a specd-regulating set. 

(1) The direct-current motor was entirely practical, but 
presented no advantages over the concatenated motor, except 
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that smaller speed steps were possible. This was negheible 
because the concatenated set gave as many speeds as were 
necessary. The disadvantages of the direct-current motor 
were, that it was more expensive and, as it required a motor- 
generator set, less efficient. 
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(2) The speed-regulating set would have about the same or 
slightly better efficiency than the concatenated motor, would 
be about the same in first cost and would have a higher power 
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factor at low speeds. Its disadvantage lay in the fact that a 
commutator motor or synchronous converter would be required. 
Little was known about the performance of a commutator motor 
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operating on the high frequency which would be obtained at 
this mill, commutator motors on mill work operating at fre- 
quencies around 20 cycles per second not being in satisfactory 
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service either here or abroad, and it is questionable if at the 
present time a guarantee for a satisfactory commutator motor 
could be obtained for the work of this mill. 

Using a synchronous converter and a motor, or a motor- 
generator set, would not give as high efficiencv as a concatenated 
set. 

Both of these svstems involved the usc of commutators and 
would require more attention than the concatenated set. They 
also had the disadvantage of requiring a high mill speed before 
the reduced speeds could be obtained, whereas the motor in- 
stalled has no regular attendant, and with the control properly 
adjusted, the motor starts accelerates and drops into concatena- 
tion without exceeding the svnchronous speed of the combined 
motors. 

An attempt was made to limit the mill to two or three speeds. 
A 16-pole main and a 4- and 8-pole secondary motor, would 
give poles and speeds as follows: 


Main motor Secondary motor Both motors Synchronous speed 
16 poles none 16 poles 450 rev. per min. 
1 6 “ 4 poles 20 “ 360 ^ 
16 % 3 24 “ 300 s 


This eliminated the 400-rev. per min. speed, which is one of the 
most important on the mill, about 40 per cent of the mill out- 
put being on this speed. 

Changing to a 14-pole main motor would give 514, 400 and 
327 rev. per min. This would give a dangerously high speed 
for the 1} and 1}-in. (31.7-and 38-mm.) rods, and would also 
eliminate the 450-rev. per min. speed, which is important on 
some sizes. 

Leaving the secondary motor unchanged, and placing a double 
winding on the main motor, gave all the speeds required. This 
resulted in a 4- and 8-pole secondary motor and a 14- and 16- 
pole primary motor, which combination gives the following 
speeds: 


Main motor, Se:ondary motor Both motors Synchronous speed | 
14 poles none E * 514 rev. per min. 
68“ к 16 <“ 450 : 
14 М 4 poles 15 “ 400 s ! 
16 s 4 E 20 Ë: 460 Е 
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All these speeds are obtained by direct concatenation; the- 
oretically, speeds corresponding to 6, 8, 10 and 12 poles can also 
be obtained by differential concatenation. | 

It was decided to install this motor, the motor to consist of а 
double-wound main motor and single-wound secondary motor, 
the first or primary motor to be 14 and 16 poles and have a 
wound rotor, the second or secondary motor to have its winding 
arranged for 4 and 8 pole connection, its rotor to be of the 
squirrel cage type. Both stators were mounted on a common 
bed-plate and the rotors on a common shaft, resulting in the 
motor shown in Fig. 2. | 

The larger motor receives three-phase energy at 2200 volts, 
60 cycles, on either a 14- or 16-pole stator winding. Both 14- 
and 16-pole windings lie in the same stator slots and have the 
same coil pitch and coil size. The coil connections of the 14- 
pole windings are brought out on one side of the frame, the coil 
connections for the 16-pole winding being on the opposite side. 
This makes the connections of either winding readily accessible. 
The windings on the rotor of this motor are similarly arranged. 
The six leads from the rotor windings are connected to six split 
bronze collector rings mounted on the shaft between the two 
motors. These rings can be easily renewed. 

The small motor has a single stator winding which can be 
connected in either four- or eight-pole combination; the pole 
changing is accomplished by means of oil switches located on 
the motor control board. The rotor of this motor is of the 
squirrel-cage type and has electrically welded bars and end 
rings. 'The rotor bars are of sufficient cross-section to resist 
the action of centrifugal force and will not bend out and damage 
the stator winding, should they become detached from the end 
rings. 

The floor space taken by the complete unit is 14 ft. 8in. by 
10 ft. 7 in. (4.47 by 3.22 mm.), and the greatest height above the 
floor is 6 ft. 10 in. (2.08 mm.). The rotors are 5 ft. 9 in. (175 cm.) 
and 2 ft. 10 in. (86 cm.) in diameter, respectively, mounted on 
a shaft 14 in. (356 mm.) in diameter. The gencral construction 
of the motor is heavy. The rotor spiders are of cast steel and 
the motor is built to stand reversing at full speed. The two 
bearings each 8 by 20 in. (203 by 508 mm .), аге self-aligning 
and of the ring-oiled type. The motor and mill are connected 
by a flexible coupling, the bearing next the mill and the coupling 
hub forming a thrust bearing. The brush holders for the col- 
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lector ring brushes can be removed and cither stator can be 
slipped aside to give access to any part of the stator or rotor 
windings. 

The motor was installed about where the mill pulley formerly 
was, the present mill plan being shown in Fig. 3. 

For the operation of the motor no regular attendant is needed, 
as the changing of speeds 1s simple and requires no electrical 
knowledge or experience. The engineer on the 44 by 60 in. 
(112 by 152 cm.) engine attends to all speed changes and also 
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starts and stops the motor. The controller for the motor is 
mounted adjacent to the throttle of the engine. In practise 


it has been found that, having the motor controller near the 
engine throttle, the engincer can handle both mills easily, the 
extra work and attention required being almost negligible. 
The ease and simplicity in handling the mill 1s one of the best 
points in favor of the concatenated motor, as has been shown 
repeatedly in stopping the mill and backing out “stickers ”, 
or pieces caught in guides and refusing to go through rolls. 
'The motor can be stopped, reversed and the sticking rod backed 
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out, the motor again stopped, restarted and immediately ac- 
celerated to full operating speed. This is generally done in 
time to roll the billets coming through continuous mill and 
prevent their being scrapped. On several occasions this has 
taken place, the quick stop and start saving about a third of a 
ton of steel from becoming scrap. "The total time of stopping, 
backing out, stopping and accelerating to operating speed, was 
less than a minute. The stopping and reversing was easily 
done, and no apparent strain or distress on motor or control 
was noticeable. | 

The control board for this motor is shown in Fig. 4. The, 
wiring diagram is shown in Fig. 5. Тһе choke coils, lightning 
arresters and disconnecting switches are mounted on the wall 
of the motor house and are connected to the control board through 
series transformers for wattmeter and overload relavs to switch 
A. These transformers are connected in Z and give overload 
protection on all three phases. 

Oil switch A is a triple-pole circuit breaker, having inverse- 
time-limit overload trip and low-voltage release, and is also 
provided with a magnetically operated lockout which prevents 
switch À from being closed unless both main line contactors 
F and R are open. This is provided to prevent the mill from 
starting should the engineer attempt to close switch A and not 
notice that the main line contactors had remained closed. 

From switch А, current passes to the forward and reverse 
main line contactors F and R, one phase passing through a 
series transformer which operates the current-limit relays CR 
which control the resistance contactors. 

F and R are three-pole, 2200-volt, magnetically operated air- 
break contactors. А mechanical and electrical interlock is 
provided between these contactors. The electrical interlock 
is not the conventional interlock disks working on the connections 
of the magnet coils, but consists of a small shunt transformer 
TL with its primary connected across one phase of the con- 
tactors are shown (Fig. 5). The secondary of the transformer 
operates the small contactor Z. Contactors F and R have their 
operating circuit closed through contactor L or the interlock on 
L. As long as there is potential on the motor, contactor L will 
remain closed and thereby prevent either F or R from closing. 
As soon as L opens, either F or R can close, depending on the 
position of the master controller. This method. of interlocking 
was deemed necessary, as the operation of the contactors is so 
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rapid that in reversing the motor, one contactor might close 
before the arc on the other was ruptured, and thereby produce 
a short circuit through the arc on the open contactor. The 
present arrangement has proved entirely satisfactory. 
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'The operation of the main line contactors shows that double- 
pole contactors would be as satisfactory as the triple-pole con- 
tactors installed. As the arcs, particularly the heavy arcs, 


Digitized by Google 


1914] OSCHMANN: MILL MOTORS 1045 


are alwavs single-phase, switch B might also be double-pole 
instead of triple-pole. . 

From contactor F and R current passes to oil switch B, where 
connection is made to either the 14- or 16-pole stator winding of 
the primary motor. Oil switeh B is mechanically connected to 
oil switch C, so that B andC are operated by one handle. Switch С 
controls the rotor winding of the primary motor. Closing switch 
B on the 14-pole side will also close switch C on its 14-pole side. 
From switch C the current passes to a grid resistance mounted 
above the control board. This resistance is ample to reduce 
the mill speed to about 50 rev. per min. and hold it at this point 
for 15 to 20 minutes, the friction of the mill being the only load. 
This low speed is used to adjust the rolls and roll trial bars. 
The end of the resistance is either short-circuited by contactor E 
or the current passes into switch D, where it is directed into the 
stator of the secondary motor. Switch D is mechanically con- 
nected to switch M. These switches give either the 4- or 8-pole 
connection on the stator of the second motor. Closing switch D on 
the 1, 2 and З side gives a single-circuit cight-pole delta connection 
to the stator of the secondary motor; closing D on the 4, 5 and 6 
side also closes switch M and gives a double-circuit four-pole 
star connection to the stator of the secondary motor. Switch D 
is provided with interlock switches J and connected to contactor 
E and arranged to close contactor E when switch D is open. 
To avoid having the mill try to accelerate from a concatenated 
to a direct speed should switch D open and thereby close con- 
tactor E, switch D is provided with a lock №, so that it cannot 
be opened or closed unless the master controller is placed on 
the off point and switch A is open. Switches V and C are pro- 
vided with similar locks. The pilot lights PL indicate the posi- 
tion of the master controller; their circuit is closed when the 
controller 1s on the starting or running points. Current for the 
pilot lamps and small solenoids N which operate the locks on 
switches A, B, C and D is obtained from the potential transfor- 
mers TP, and is independent of the position of switch A. 

Contactors 1 to 7 are triple-pole low-voltage contactors and 
are arranged to short-circuit portions of the resistance; they are 
connected so that a contactor sticking or remaining closed will 
not produce dangerous currents in starting or reversing. These 
contactors are controlled by current from transformer TC, which 
is connected to the control side of switch A; current from the 
transformer passes through contactor O to current limit relays, 
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CR, which are set to close the contactors in regular sequence when 
the starting current drops to about full-load value. When орега- 
ting on the 14- or 16-pole specds contactors 6 and 7 will remain 
open and give a 10 per cent slip at full load; by closing switch 
R6 contactor 6 will close and give a 5 per cent slip at full speed. 
Contactor 7 is always open on the 14- or 16-pole speed. 

When operating on the concatenated speeds contactor Ё is 
open and interlocks on E are closed, which allows contactors 
6 and 7 to close, current limit the same as the remaining con- 
tactors, thereby leaving the motor without external resistance in 
the rotor circuit other than the resistance of the wires. Con- 
tactor O controls the current for all contactors except itself 
and contactor L. Contactor O is used to prevent the motor 
from starting upon the resumption of power in case of the 
failure of switch A to open should the power supply be in- 
terrupted. Contactor O opens on failure of power and can 
only be closed by placing the master controller in the off position. 

The master controller is located about 80 ft. (24m.) distant 
from the control board, and to guard against the master controller 
becoming inoperative, switch CS, located near the master con- 
troller, is provided. The action of switch CS 15 to open all 
the contactors and oil switch A and stop the motor should the 
master controller be out of order. | 

A test switch AT is provided on the control board which opens 
oil switch A. Resistance AR is connected across switch AT 
so that when switch AT is open a slight current passes through 
the low-voltage release coil of switch A. This current is just 
sufficient to neutralize whatever residual magnetism may remain 
in the armature of the low-voltage release, and causes it to drop 
at once and open switch 4. 

It will be noted that the starting resistance is connected be- 
tween the rotor of the main and the stator of the secondary motor. 
The circuit between the motors is established before the motors 
are started and the entire starting current passes through the 
secondary motor. This simplified the control of the mill and 
makes the starting simple, as this method allows the mill to 
come directly to whatever speed the control is set for. 

In stopping the mill, the master controller is usually placed 
in the off position, and the motor allowed to stop gradually. 
Inemergency the motor can be reversed at full speed; in reversing 
on the concatenated speeds the secondary motor acts as a part 
of the circuit. The simplicity of this method is obvious. 

The operation of this control is as follows; 
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Disconnecting switches are closed and power is on the lines. 
Master controller is on off point and oil switch А is open. 


For DIRECT SPEEDS 


Close switch B for either 14 or 16 poles. Close switch A. 
Closing switch A closes contactor E through interlock L on switch 
D. Contactor O also closes, its circuit being closed through 
segment C on master controller. After closing, O will remain 
closed regardless of position of the master controller, its holding 
circuit being established by the interlocks on O. 

Starting. Placing the master controller on the first point closes 
either For R; this puts potential on the main motor and closes con- 
tactors Placing the controller on the second point, contactor No. 
1 can close. Placing the controller on the third point, contactor 
Мо. 2 сап close. Placing the controller on the fourth point, con- 
tactor Nos.3,4,5 can close. : Contactor 6 can close if switch R6 is 
closed; contactor 7 cannot close as its closing circuit 1s open at 
contactor E. Under operating conditions the master controller 
is placed directly on the fourth or running point, and the con- 
tactors close in regular sequence at about full load value, then 
control being the usual current limit typc for a-c. contactors. 

Reversing. When master controller is thrown from ahead 
to reverse, contactor R will close as soon as arc on Fisinterrupt- 
cd, and thereby open contactor L. 


CONCATENATED SPEEDS 


Oil switch B is placed on either the 14- or 16-pole connection. 
Switch D is closed for 4- or 8-pole connection. Oil switch A 
is closed, when contactor О closes as before. Contactor E 
does not closc, however, as its closing circuit is open at intervals 
I on switch D. 

Starting, Running and Reversing. Exactly the same as for 
direct speeds, except that contactors 6 and 7 will close current 
limit the same as the rest of resistance contactors. 


SUMMARY 


The control as used on this motor is more simple than a speed- 
regulating control in its operation; it is comparable with the mag- 
netic control of a single-speed motor. The starting, stopping 
and reversing are as easily accomplished as if the motor were 
a single speed motor. "The onlv difference in handling as to op- 
erate switches В and D to secure the proper pole connection, 
and as this is generally done while changing rolls, it causes no 
delay or inconvenience. The only serious objection to the con- 
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catenatcd set is the low power factor on the concatenated spceds. 
The low power factor in this particular case has been found to be 
serious. The power plan has a larger day than night load, so 
the concatenated set working on the day shift reduces the power 
factor at the power plant but slightly. The lowest speeds, and 
therefore the lowest power factor, are generally obtained on the 
night shift. However, several synchronous motors (installed 
about five years ago), operate at reduced loads on the night shifts 
and it has been found that about 100 per cent power factor can 
be readily obtained at the power plant during the night, and 87 to 
90 per cent during the day. 

The criticism has been made that the control of concatenated 
motors is complicated: in reply to this, I would state that this 
motor has six definite speeds and two additional resistance specds. 
Switches and contactors are provided to take care of these speeds 
and in addition the control has been further complicated in order to 
make the operation of the motor and control as fool-proof as possi- 
ble, and thereby make unnecessary a special attendant at the mill. 

The motor was installed in June, 1913, up to this time (April 
1914) there have been only three mill interruptions, all of which 
were duc to the control apparatus, as follows: 

(1) An open circuit at interlock on contactor F which allowed 
low-voltage release to drop and open switch A. This interlock 
consists of a $-1п. (12.7-mm.) copper rod pressing against copper 
block contactor; the copper rod is insulated and clamped to the 
contactor. The clamp became loose and allowed the rod to 
slip out and open the circuit. 

(2) Defective low-voltage release coil on switch A. 

(3) Burnt-out potential coil on one of the current-limit relays 
CR. 

The total time lost due to these three interruptions was 68 
minutes, and it will be noted that, excepting the first, not one 
of these interruptions was due to the design or type of the control, 
but rather to minor defects in manufacture. The motor has 
easily performed the work demanded of it, and the results ob- 
tained have justified the choice of this tvpe of motor drive. 

Should the same problem be presented for solution at this time, 
it would probably be solved in the same manner, notwithstanding 
the recent advances made in speced-regulating systems. It should 
also be noted that the ease of handliny this motor and the ability 
to do without a trained operator make this type of motor ex- 
tremely desirable. 


To be presented at the 31st Annual Convention of 
the American Institute of Electrical Engineers, 
Detroit, Mich., June 26, 1914, under the aus- 
pices of the Electrochemical Committee. 
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STERILIZATION OF WATER BY ULTRA-VIOLET RAYS 
OF THE MERCURY-VAPOR QUARTZ LAMP 


BY M. von RECKLINGHAUSEN 


ABSTRACT OF PAPER 


Mercury-vapor quartz lamps are applied industrially for the 
production of ultra-violet rays for the sterilization of water. 

To obtain ultra-violet rays economically it is important to 
study the temperature of the luminous part of the lamp. 

There are different ways for measuring the ultra-violet power, 
based on physical, chemical or bacteriological reactions. Such 
reactions are compared between them. ^ 

The paper refers to the historical development of mercury 
lamp water sterilizers and the development of pistol lamps for 
large sterilizing units. 

Different germs are of different sensitivity to ultra-violet light. 

It is important that the water should be clear when entering 
the sterilizer. 

Description is given of two typical installations, one in Europe, 

- onein America. . 

Data are given on the power consumption for the sterilization 

of water by ultra-violet rays. 


ITHIN the last five years a new field for the application of 

electricity has been created in Europe based upon the elec- 
trical production of ultra-violet light for the sterilization of water 
and for other purposes. As this new industry is now being in- 
troduced into this country, it is of interest at this time to analyze 
its basis and principles. 

The experimental and development work in this field has been 
done mainly in France, and prominently identified with it are 
the names of Courmont, Nogier Henri, Helbronner, von Reck- 
linghausen, Vallet and others. This paper deals particularly 
with the work done by the writer in collaboration with Messrs. 
Henr and Helbronner at the Physiological Laboratory of the 
Sorbonne University. 


THE SOURCE or ULTRA-VIOLET LIGHT 


The only industrially-applied source of ultra-violet light is 
the mercury-vapor quartz lamp. The spectrum is known by its 
SENE lines in the visible part and by a large number of tvpical 
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linesin the ultra-violet part, as shown in Fig. 1, which is drawn 
to proportional scalc. 

When starting this work we soon found that we had to go pretty 
fully into the question of the measure of the ultra-violet power 
of the different light sources at our disposal, so as to give the 
mercury quartz lamps the electrical characteristics which made 
them most useful for the creation of ultra-violet light. Itisa well- 
known fact that the skin takes a less ghastly hue under the 
quartz mercury lamp than under the ordinary mercury-vapor 
lamp. Spectroscopic examination shows that this 15 due to 
a considerable increase of the intensity of the red lines in the spec- 
trum of the quartz lamp. This phenomenon was examined 
somewhat more closely, with the following results: | 

Ап ordinary 110-volt lamp was taken, which normally operates 
at 3.5 amperes and 80 volts; it was operated at different wattages, 
obtaining thereby, naturally; different temperatures of the 
mercury arc. А spectro-photometric analysis was made of the 
five principal colors, composing the visible light of these lamps. 
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Assuming the intensity of each color at the lowest wattage as 
unity, we note that increasing the wattage of the lamp tends 
to increase the red more than the other colors, as is shown in the 
curve, Fig. 2. It might therefore Ье expected that the increase 
of the ultra-violet rays with increasing t2mperature of the 
lamp, would be somewhat like the increase at the violet end of 
the spectrum, that is to sav, proportionately less than at the 
red end. Ав will be seen from what follows, this is not the case: 
There is obtained, on the contrarv, a considerably greater in- 
crease in ultra-violet than in violet ravs with increasing tem- 
perature of the lamp. | 


QUANTITATIVE MEASUREMENT OF ULTRA-VIOLET LIGHT 


The candle power standard for ordinary light is not a physical 
standard but a physiological one, being the effect on the eve of 
the sum of the visible wave lengths emitted by a defined source 
of light, produced by a defined fuel, burning in a defined way. 

The eve not being sensible to ultra-violet, we only consider 
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the total visible energy sent out by this standard lamp. From 
the start 1t is therefore clear that if we want to define a standard 
of ultra-violet light we must do one of two things, namely: 
either define the standard in energy units (and wave lengths) 
or imitate our method of defining that standard of ordinary light 
and define our standard ultra-violet as the unit of effect produced 
by the ultra-violet rays. However, it is likely that the sums of 
such effects may be identical if one kind of an effect is chosen 
and may not be identical if another type of an effect is chosen. 

The only true way of defining the power of the rays is by the 
analysis of the spectrum, and the determination of the energy 
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sent out by each wave length. This method, however, is ex- 
tremely inconvenient and, after all, does not give us what we 
want in practise. | 

It is therefore better to choose as a unit, some value of the 
particular effect which concerns the work in hand. If we want 
to follow chemical reaction under the ultra-violet light we 
choose arbitrarily as a unit one in which the desired reaction takes 
place in a defined way after a unit period of exposure to all the 
rays of the lamp. We may therefore say that for every type of 
reaction under the ultra-violet light we have to define a new 
unit of actinic power. 
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The different ways of examining the power of the ultra-violet 
spectrum are the following: 

(1) Analysis of the distribution of energy in the spectrum. 
The way to measure this is to measure the amount of heat de- 
veloped by a certain wave length, the measurements being made 
by means of a bolometer or thermoelectric couple. 

Fig. 3 shows the distribution of energy in the spectrum of 
the mercury lamp as worked out by Ladenburg. Fabry has 
used different filters or screens to separate out different wave 
lengths. He finds that a 110-volt lamp burning at 27 volts: 
3.5 amperes, sends out energy of which the distribution is as 
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follows: 93.7 per cent in the infra-red; 3.6 per cent in the visible 
spectrum; 2.2 per cent in the ultra-violet spectrum from 0.3664 
to 0.3134; 0.5 per cent in the ultra-violet from 0.3134 down to 
0.2534. Ав to absolute values, Fabry found that at one meter 
distance from the lamp, one square centimeter received 125 
ergs per second of visible light and 76 ergs per second of ultra- 
violet light down to 0.2534. 

(2) Ultra-violet Hght falling on a condenser will ionize the air 
and this will be followed bv a discharge of the condenser. This 
method could probably be used for analyzing the power of differ- 
ent wave lengths or for establishing an arbitrary standard of 
lonization by ultra-violet light. 
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(3) Many chemical reactions are produced to a grcater 
extent by ultra-violet light than by visible light. The so-called 
Eder reaction of precipitation of calomel, which goes on verv 
much faster under ultra-violet light than under visible light, 
is an example. The dissociation of gascous hydrochloric acid 
and particularly the dissociation of silver salts may also be 
mentioned. The typical reaction of this latter kind is the 
blackening of photographic paper; this, for certain types of paper, 
occurs four times as quickly under a naked quartz lamp as it 
does under the same lamp with glass interposed, showing thereby 
that the ultra-violet part of the spectrum has a verv much 
stronger effect than the visible part. The photographic plate 
allows us to compare the strength of individual lines of equal 
wave lengths but coming from different sources, by comparing 
the times of exposure necessary to obtain equally strong pictures 
of such lines. 

(4) Bactericidal or abiotic action. The first real spectrum 
analysis of this kind we owe to Ward, who threw the spectrum 
of a quartz lamp on an infected agar plate. The parts of the 
plate which were exposed to the violet end of the spectrum would 
not show any growth of colonies, while the parts which were 
exposed to the red end of the spectrum would develop growth. 

With the above-cited chemical reactions it is fairly easy to 
crcate a unit; for instance, precipitation of a unit quantity of 
calomel at the unit distance in the unit time. If, however, we 
choose a unit of bactericidal reaction, we find that cultures of 
microbes vary so much with age and other conditions that it 
is impossible to get sufficiently constant results upon which 
to base a unit reaction. If we wish,therefore, to use abiotic 
reaction as a unit we must first determine the sensibility of our 
reactive material, that 1s, the germ culture on hand, by exposing 
samples of 1t to the light of a lamp which 1s otherwise standard- 
ized. This means creating a laboratory-standard lamp which is 
so operated that it will always produce the same amount of 
ultra-violet rays. 

The abiotic reaction which we chose as most convenient to 
handle was the measure of the exposure necessary to kill para- 
mecias, these being similar to water bacteria and fairly casy to cul- 
tivate and to observe directly under the microscope, as they have 
a very violent motion when living and, naturally, no motion when 
dead. The method of procedure is to take a drop of such 
culture, expose it at a definite distance under the lamp, count 
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the seconds necessary to make them motionless, and compare 
the figures thus obtained with figures obtained under the stand- 
ard lamp. 

As the photographic paper method 1s infinitely more simple to 
handle, it was considered advisable to see whether it would not 
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correspond closely enough with the abiotic reaction to be a use- 
ful check upon the abiotic power of the quartz lamp. Fig. 4 
showsthcobservations made simultaneously by the two methods, 
using a lamp operating at various voltages. Analyzing the 
results obtained by methods 1, 3, and 4 with lamps operating 
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at different temperatures (see Fig. 4), we may conclude that 
the relative increase in ultra-violet rays with increase in lamp 
voltage is considerably stronger than the increase for the green 
and blue rays. 

Having found that we get more ultra-violet rays from a lamp 
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the hotter it is operated, we naturally had to take care not to 
overdo this and run the lamps at such a temperature that they 
would suffer thereby in their emission of light, particularly ultra- 
violet light. It is a well-known fact to everybody who has 
handled quartz lamps that at a certain temperature they will 
become almost entirely opaque to light, due to a kind of devitri- 
fication of the quartz which gives it the aspect of opaque glass. 
The maximum temperatures permissible so as to avoid this con- 
dition for the illuminating lamps had previously been determined. 
Some of our experiments for ultra-violet power were made with 
illuminating lamps which were operated at a somewhat lower 
wattage than usual. Fig. 5 shows the variation in abiotic action 
of such lamps, with time. The 
change, if any, was not very con- 

siderable. 
On the other hand,Fig. 5shows 
that lamps run hotter than il- 
luminating lamps would lose con- 
siderably in their abiotic power 
with timc. They evidently ap- 
proach the limit at which com- 
od plete opacity of the tube occurs. 
The problem is evidently cx- 
actly the same as for any type of incandescent lamp. We have 
to determine the working characteristics of the lamps to obtain 
the optimum of ultra-violet-time efficiency. It 1s probable that 
the electric characteristic of lamps for such work has to be 
chosen so as to obtain a somewhat lower temperature in the 
luminous part than lamps for illuminating purposes usually have. 


STERILIZING APPARATUS 

The most efficient way for the mercury lamp to react upon 
water seems їо be, а priori, to submerge the lamp entirely inthe 
water which is to be sterilized, as proposed in 1906 by De Mare 
(Fig. 6), and tried in many experiments by Courmont and 
Nogier (Fig. 7). Direct contact, however, of the water with 
the heated lamp influences the luminous and ultra-violet effi- 
ciency of the quartz lamp to an enormous degree, as may be seen 
from Fig. 8. It seems to be certain, therefore, that it is better, 
if one wants to plunge the light source into the water, to protect 
the lamp from direct contact with the water, and this system has 
been adopted with modern apparatus. This protection against 
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direct contact can be secured by fusing cover the lamp a wide 
quartz jacket which prevents contact of tre light-giving portion 
of the lamp. with the water as shown in Fig. 9. 

Difficultics, however. arose in the manufacture of such jacketed 
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lamps and it was found advisable to construct the apparatus in 
such a way that the lamp was removable from the protective 
jacket, as shown with the so-called pistol lamps, Fig. 10, allowing, 
nevertheless, all the light to enter the water (Fig. 11). Another 
method is to let the water circulate in such а way around the lamp 
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that it would not come into contact with it, receiving neverthc- 
less practically all the rays emitted by the lamp, as shown in 
Figs. 12 and 13. 

Where it is morc a question of convenience and less a question 
of efficiency the simplest method 15 evidently to place the lamp 
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above the water but as close as possible to its surface. (Fig. 14.) 
Figs. 15 and 16 show such arrangements which have been used 
on a large scale. Unfortunately, reflectors placed above such 
lamps have a low efficiency in reflection of ultra-violet rays. It 
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may therefore be said that with such apparatus hardly half the 
rays of the lamp will enter into the water. 
CONTACT OF THE RAYS WITH THE GERMS 


Different germs have different sensibilities to the ultra-violet 
rays, as may be seen from Fig. 17. Тһе ones of greatest interest 
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to us are the water bacteria and we find that they are killed in as 
short a time as 1/20 second, at a distance one to two centimeters 
from the powerful ultra-violet ray lamps. Water being practi- 
cally as transparent as air to the ultra-violet rays, we are therefore 
certain that if a germ floats in the water it will be annihilated by 
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getting into the illuminated zone, the condition for this being 
that no suspended matter is contained in the water which would 
form a shield for the germ. 

Water for this sterilization has, therefore, in most cases to be 


filtered before being submitted to the sterilizing action of the rays. 
However, even very good filters will allow some microscopic 
matter to pass. It is much more effective, as shown by experi- 
ments, to stir up such water while it is going through the il- 
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luminated zone so as to turn over and over any particles which 
otherwise might allow microbes to pass by under cover. The 
baffle arrangements as shown in Figs. 11, 15 and 16 are built 
in for this purpose of stirring up the water. For the same reason, 
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also, it is best to pass the water through several illuminated zones, 
which can easily be done by leading the water several times 
towards the same source of light (Fig. 15), or by passing it suc- 
cessively under several sources of light, as shown in Figs. 11 and 
16. 

TYPICAL INSTALLATIONS 


The largest unit ever built (Fig. 18) was set up about two years 
ago in the city of Luneville, France, to sterilize the city water 
supply. It consists of a flume into the sides of which ten 
900-volt pistol lamp equipments are inserted. These equip- 
ments consist of metal boxes for the starting of the lamps (the 
latest types of them contain also the rheostats). The boxes 
are equipped on the inside with a stuffing box arrangement hold- 
ing the quartz protective tube which protrudes into the water. 
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The lamps are lit in the starting boxes and then their luminous 
parts are inserted into the protective tubes, so that the light emit- 
ted from the lamp enters the water. 

The raw water fed into this plant comes from the Meurthe river 
and contains sometimes as high as 60,000 germs percu.cm. It 
is clarified by a series of roughing filters and one filter. After this it 
is physically in fairly good condition, being very poor in sus- 
pended matter, but having from time to time fairly deep 
color (up to 45 U. S. standard) in solution. The germ con- 
tents are sometimes as high as 1000 per cu. cm. in this water. 
It is then passed through the sterilizing unit described above, com- 
ing under the influence of the light from one to two minutes al- 
together, according to the number of lamps running. This num- 
ber (sometimes only 4) depends on the physical condition of the 
water, which is casily observed. Тһе bacteriological tests of 


1914] von RECKLINGIAUSEN: STERILIZATION 1061 


the water when leaving the sterilizer rarely show more than 10 
germs per cu. cm. and are often zero. Bacterium coliis always 
eliminated. Not only are the bacteriological tests satisfactory; 
the health of the community has improved considerably. Ту- 
phoid used to cause from 70 to 160 deaths annually; it 1s now 
practically eliminated, there being no cases at all this year. 
Another typical installation was made in New York lately for 
the purification of the water of a swimming pool, which is 
naturally exposed to continuous pollution from the bathers. 
The water in this case 1s circulated continually through a filter 
to take out suspended matter and then it passes through the 
ultra-violet ray sterilizer. This apparatus is similar to the 
Luneville unit except for its size, as it contains only two 220- 


volt pistol lamps. It is rated at 175,000 gallons capacity per 
day. Tests at the outlet of the sterilizer show only a few germs, 
and tests of the water going to the purifying apparatus 
have improved from 6000 germs per cu. cm. to about 350 germs 
per cu. cm. since the introduction of the ultra-violet ray ap- 
paratus. 


CONSUMPTION OF ELECTRIC ENERGY 


'The smallest lamp used 1n the above apparatus operates at 110 
volts with two amperes. The largest made so far is for 500 
volts, 2.5 amperes. The largest apparatus built contains ten 
of the last-mentioned lamps. The power consumption in such a 
case, with a very large safety coefficient for the sterilization, 
is between 50 and 130 kw-hr. per million gallons of water. 
This amount of power is evidently not very great but it will 
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always,do something to smooth out the load curve of a power 
station, as, in most cases, such apparatus will be operated con- 
tinuously. Many installations of this kind have been made 
in Europe for both small and large water works, and thev are 
operating very successfully. Their simplicity and rapidity ot 
action arc highly satisfactory. 


To be presented at ihe 31st Annual Convention of 
the American Institute of Electrical Engineers, 
Detroit, Mich., June 26, 1914, under | the laus- 
pices of the Telegraphy and Telephony Committee. 


Copyright 1914. By A.LE.E. 
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TOLL TELEPHONE TRAFFIC 
An Experimental Study of the Relationship between Circuit 
Loads and Delay to Traffic. 


BY FRANK F. FOWLE 


ABSTRACT OF PAPER 


Experiments are described to determine the relationship be- 
tween telephone circuit loads and the corresponding delav to 
traffic. The operating methods employed and the number of 
circuits available determine in general the number of messages 
per day which can be handled over a single toll circuit. The 
average delay to traffic obviously depends upon the number of 
messages per circuit per day, or the circuit loads. With a given 
load factor, increase 1n the circuit loads will increase the average 
delay to traffic. At the sametimethe revenue per circuit mile 
will correspondingly increase. “he practical limit, however, is 
approached when the delays to traffic reach a point where the 
service is unsatisfactory.. The results of the experiments de- 
scribed illustrate the fact that increasing circuit loads increase 
the delay to traffic, and vice versa. The revenue per circuit 
mile is directly proportional to the product of the circuit load 
and the toll rate per minute-mile; consequently the relationship 
between the quality of service and the toll rate is generally 
obvious, fassuming a certain rate of return on the plant invest- 
ment. 


HE NUMBER of telephone messages per dav which can be 
handled over a single toll circuit, as 15 well known, depends 
upon several considerations. Chief among these are the opera- 
ting method employed and the number of circuits required to 
handle the total traffic between the given terminals. А com- 
plete dissertation upon toll operating methods would extend far 
beyond the scope of the present paper, and only the simplest 
or fundamental methods will be mentioned. The earliest 
method, and one still used to a great extent 1n handling small 
volumes of traffic, is the direct ring-down, in-and-out ticket 
(or two-ticket) method. In this method the operators signal 
each other direct, over the talking or message circuit, by ring- 
ing in the usual manner; the outward operator makes a complete 
ticket, and times and supervises the connection; the inward 
operator also makes a duplicate ticket, but does not time the 
connection. This method has been materially improved by 
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eliminating the inward ticket, and bv having the outward opera- 
tor deal directly with the called party at the destination instead 
of through the intermediary of an inward operator who repeats 
the details back to the outward opcrator. In some cases the 
last method has been modified to the extent of having the in- 
ward operator make a memorandum ticket or so-called skeleton 
ticket, for checking purposes, but this is usually eliminated if 
possible. Other operating methods, special in their nature, 
apply when the volume of traffic is very large, but do not come 
within the scope of the present discussion. 

It is not necessary to dwell at length upon the fact that the 
number of messages per day, per circuit, increases (other factors 
being the same) as the volume of traffic and the number of cir- 
cuits operated in one group to handle it also increase. That 
is, the circuit efficiency increases as the number of circuits or 
trunks in a group increases, and more messages per circuit, per 
dav, can be handled in a large group than a small one, with the 
same average delay to traffic and equal load factors. 

The effects of the operating method and the size of the trunk 
group upon the circuit loads (messages per circuit per day) are 
usually discussed from the standpoint of a certain fixed quality 
of service, that is, a certain average delay to traffic which is main- 
tained as a standard. This period of delay is generally accepted 
as the interval from the time the calling subscriber gives his 
call to the recording operator, until the line operator establishes 
the connection or returns a definite report in regard to the 
called party. It seems fairly obvious, however, that there must 
be some definite relation between the circuit loads and the 
average delay to traffic. In other words, with a constant load 
factor, the effect of increasing the circuit loads will be to in- 
crease the average delay to traffic; at the same time the toll 
revenue per circuit-mile will correspondingly increase. Natur- 
ally a limit will be approached when the traffic is delayed to 
such an extent that subscribers complain of the delay and a 
loss of business is threatened. 

This relationship between circuit loads (trafhe density per 
circuit) and average delay to traffic, if not already clear, can be 
illustrated by a simple analogy with railway transportation. 
Given a fixed volume of traffic (passenger or freight) to be trans- 
ported, the delays in traffic movement will be least when the 
train service is as frequent as it is possible to arrange it; but 
unless the volume of traffic is very large, the train loads may 
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not be large enough to produce an adequate net revenue per 
train mile. In order to increase the train loads to a point 
where the operating revenue per train mile will exceed the cost 
by a reasonablv profitable margin, it will perhaps be necessary 
to resort to less frequent train service. This implies a longer 
average interval between trains, and consequently a longer 
average period of waiting or delay before the traffic is moved. 
The parallels in the analogy are between the number of trains 
and the number of toll circuits, between train loads and circuit 
loads, and between delays to railway traffic and to toll traffic, 
a fixed volume of traffic in cach case being assumed. 

The general problem is therefore one of the highest com- 
-mercial importance, since it is perfectly obvious that under а 
given schedule of toll rates there is a certain standard of service 
which cannot be excceded without thc sacrifice of profits, and 


Fic. 1—PorTION OF A TOLL SYSTEM, TOLL CENTERS AT À AND В 


the faster the service as a whole the higher must be the rates 
for the same percentage of profit. It is not at all the intent in 
this paper to reach any conclusions as to the coinmercial side 
of the question, but simply to present certain experimental 
data bearing on the general principle. 


LAYOUT OF EXPERIMENTAL CIRCUITS 


The general lavout of the toll lines used in the experiments 
here described is shown in Fig. 1. The group of circuits upon 
which the experimenis were made extended between A and B, 
the latter representing two toll offices, or toll centers. The 
greater portion of the traffic either originated at A and terminated 
at B or vice versa. The remainder of the traffic was of a through 
(instead of terminal) character, necessitating the use of tandem 
circuits. For example, a call originating at A and destined for 
б» or some point beyond, would have to be switched at B; in 
some cases the call would be passed to the operator at B, who 
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would take the details and record them on a through ticket, 
and then pass the call to В», while in other cases the operator 
at B would connect the line through to be and the operator at 
A would pass the call to the operator at bo. The entire traffic 
passing over thc group of circuits between А and B can be clas- 
sified as follows, for convenience. 


TABLE I 
CLASSIFICATION OF TRAFFIC OVER GROUP OF CIRCUITS BETWEEN А AND B IN Fie. 1. 


A to B Class 1 
BtoA 
A to b; or bg or bs Class 2 
B to a, or аз or аз 
pe — eames дее маманы RARE | 
aj ог аз ог ag to B Class 3 
bi or bg or bs to A 
ау Or а2 Or аз to by or be or bs Class 4 


b, or $, or bs to aj or 42 or G3 


Normally there were six circuits between A and B; this num- 
ber was reduced successively to five and then to four, operating 
for several davs under each of the last two conditions in order 
to secure rehable test data. А study of the traffic was then 
made from the tickets, excluding апу days such as Sundav ог 
saturday when the traffic is not normal, and also excluding any 
davs when there was апу wire trouble on any of the circuits in 
the group. Of course it should be understood that the through 
trafic did not necessanly originate or terminate at the first 
office bevond A or B, but in some cases involved offices reached 
bv two or more switches. 


SUMMARIES OF TEST DATA 


The operating method employed in handling the terminal 
business (class 1 traffic) between А and B (Fig. 1) was the direct 
ring-down, single-ticket method, while all other traffic was 
handled by the double-ticket method. The through business 
was handled in some instances bv means of relays, or through 
tickets at the switching point, and in other cases bv straight 
switches (no ticket). 

The summary of results is presented in Table II.  Recapit- 
ulating, the class 1 traffic is the terminal business between A 
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and B (Fig. 1), the class 2 traffic 1s the through business orig- 
inating at А and B, the class 3 traffic is the through business 
terminating at À and B, and the class 4 traffic is the through 
business to and from points beyond А and B but passing over 
the circuits between the latter. There was no simple way of 
determining whether each through switch at 4 and B was set 
up for the transmission of a message, but in general the number 
of switches exceeds the corresponding number of messages and 
it was arbitrarily assumed that there was опе message for 
every two switches. The avcrage duration of a message was 
approximately four minutes. The rate schedule in force was 
the same throughout cach 24-hour period. 

Table III shows a summary of lost and delaved business, 


MESSAGE PER CIRQUIT PER DAY 
^J 


— 


d——— ou 


t j MN OST S 1 Й 
246€ B K R H KH BOM X 2 SO 32 
AYFRAGE MESSAGE DELAY, MINUTES 
Fic. 2— CURVES SHOWING THE RELA- Fic. 3—' TvricAL LOAD CURVE 


TIONSHIP BETWEEN CIRCUIT LOADS OF TOLL TRAFFIC 


AND AVERAGE DELAY TO TRAFFIC 
Curve (1) for terminal business. 
Curve (2) for originating through business. 


for the same periods as represented in Table II. In all cases 
the traffic figures represent one day's business, being an average 
of several dav's business as indicated in the last column in Table 
II. 
Discussion OF RESULTS 

The relationship between the average delay to terminal 
business (class 1 traffic) and the circuit loads is plotted in curve 
(1), Fig. 2; the similar relationship for the originating through 
business (class 2 traffic) is plotted in curve (2), Fig. 2. The 
underlying data is taken from Table II. These curves bring 
out forcibly the general conclusion of the paper, namely, that 
increasing circuit loads are accompanied by increased average 
delay to traffic. For example, taking the terminal (class 1) 
traffic, five-minute service corresponds to a circuit load of 21 
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messages per circuit per day, in a group of about 8 circuits; 
six-minute service corresponds to a circuit load of 24 messages 
per circuit per dav, in a group of about 7 circuits; seven-minute 
service corresponds to a load of about 27 messages, eight- 
minute service to 30 messages, ten-minute service to 35 messages, 
etc. The following Table IV was prepared in this manner from 
curve (1), Fig. 2; this of course 1s based primarily on handling 
a substantially constant volume `of traffic. 


TABLE III 
SUMMARY OF Losr AND DELAYED BUSINESS. 
Number of 
Per cent of Number of Average no- calls lost on 
Number originating calls delayed by| circuit delay, оп | account of “по 
of circuits calls (A and B) |“ no circuit ” con-| delayed calls circuit” 
in use lost ditions (min.) conditions 
6 18% 25 11.8 None 
5 17% 62 12.9 1 
4 21% 99 16.9 ы 1 


TABLE IV 
CIRCUIT LOADS FOR VARIOUS GRADES OF SERVICE WITH CONSTANT VOLUME OF 
TRAFFIC AND A GROUP OF 4 TO 8 CIRCUITS 


Average delay to ter- | Circuit loads in total 


minal traffic (min).  |messages per circuit 
per day 
5 21 
6 24 
7 27 
8 30 
9 33 
10 35 
11 37 
12 39 
13 41 
14 42 
15 44 


'The volume of class 3 traffic, Table II, is so small that the data 
on average delay are unreliable. This is more obvious by 
reference to a typical load curve, Fig. 3. Evidently there is 
a large probability that these relatively few class 3 messages 
were handled during some other period than the peak, or the 
“ busy hour; ” and in such case the delay would be less, owing 
to lighter loads on the circuits. The same is true of class 4 
traffic. The daily load factor was in the vicinity of 30 per cent. 

The delay to originating through business (class 2 traffic), 
destined to scattered points to which the business did not justify 
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individual direct circuits, is shown in curve (2), Fig. 2. Of 
course this delay. can be minimized by eliminating relay tickets 
at switching points and substituting straight switches. 

The use of averages, particularly in reference to the delays 
to traffic, does not convey complete information as to the char- 
acter of service, since some of the calls will inevitably be delayed 
longer than the average, and others less. In order to bring 
out fully the quality or speed of toll service it is desirable to 
resort to curves of the type shown in Fig. 4. "These curves 
show the percentage of calls handled with a given delay, or less, 
and therefore reveal the extremes. The three curves there 
shown give in more detail the grade of service obtained during 


PERCENT OF TRAFFIC 


| 20 25 
ЭЕГАҮ IN MINUTES 
Fic. 4— PERCENTAGE OF TERMINAL TRAFFIC HANDLED WITHIN A GIVEN 
INTERVAL OR LESS 


the tests whose results are recorded in Table II. Each of these 
curves applies only to the terminal business, or class 1 traffic; 
the average delay in each case may be found in Table II. 

The results given in the paper, although they apply specifi- 
cally to conditions which do not differ widely from those de- 
scribed, nevertheless serve to illustrate the fundamental prin- 
ciple that increasing circuit loads increase the delay to service, 
and vice versa. The revenue per circuit-mile per day, or per 
annum, is directly proportional to the product of the circuit 
load and the toll rate per minute-mile. Consequently the re- 
lationship between the quality of service and the toll rate sched- 
ule is in general an obvious one, assuming of course that a cer- 
tain fixed percentage of return on the plant investment is main- 
tained in all cases. | 


To be presented at the 31st Annual Convention of 
the American Institute of Electrical Engineers, 
Deiroit, Mich., June 20, 1014, under ihe aus- 
pices of the Telegraphy and Telephony Com- 
mittee. 


Copyright 1914. By A.I.E.E. 
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A HIGH-SPEED PRINTING TELEGRAPH SYSTEM 


BY CARL KINSLEY 


ABSTRACT OF PAPER 


The paper describes a system of high-speed printing telegraphy 
devised by the author, a prominent feature of which is the sim- 
plicity of the apparatus and its operation. The author briefly 
mentions a number of high-speed systems which have been tested 
22) the operating companies, none of which have completely ful- 
filled all the requirements for accuracy, rapidity and low cost 
which are desirable for commercial work. 

The system described is operated in connection with a com- 
mercial typewriter to which a punch is connected which perfor- 
ates a halt-inch strip of paper with groups of holes distinctly 
spaced in five rows,each group representing a letter. The 
punched strip of paper is then sent through the transmitter so 
that the holes pass under five wire brushes. Batteries of either 
polarity are thus connected between the earth and either one of 
a pair of conductors, or batteries of different potential can also 
be used. At the receiver there are five elements which are separa- 
ately controlled and these elements make an autographic record 
by means of a local battery on a moving sensitized paper when- 
ever they touch the surface. The apparatus which is compara- 
tively simple is illustrated and described in detail. On the 
basis of duplex working and the use of two wires the operating 
speed is 650 words per minute over a 375-mile line. 


HE RATE of increase in the amount of business transacted 

by telegraph has been most marked during the past few 

years. {The extension of the network of telephone wires and 

their universal use in local business has seemingly stimulated 

the desire for a formal method of inter-communication which 1s 
more rapid than the mails. 

The operating companies have responded as fully as they could, 
with the means available, to the public demand for a more rapid, 
accurate and inexpensive service. They have carefully tested 
many systems of telegraphic transmission that have been 
presented to them. None of the systems, however, have ful- 
filled all of the requirements for accuracy in the transmission 
of the messages, rapidity of operation from the receipt of the 
message to its final delivery, and low cost; the latter includes, 
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in particular, interest on invested capital, depreciation of tele- 
graphic apparatus and lines, maintenance of plant and cost of 
operation. 

It isimpossible to adequately mention in the brief space avail- 
able the telegraph systems which have already been tried, some 
of which have by no means been discarded. Among them the 
following may be of particular interest. 

The Rowland multiplex printing telegraph system! has en- 
јоуеа a limited use in Italy and was experimentally operated on 
commercial business for a considerable time in this country. On 
the basis of eight machines operating simultaneously over two 
wires a speed of 400 words per minute could be obtained. 

The Murrav printing telegraph? was given a commercial test 
іп America in 1900 and later taken to England where it was 
developed to a much more perfect state in the laboratories of 
British P.O. Department. It has recently been given a month's 
trial in this country. Used duplex with four machines working 
on the two-wire circuit and with eight automatic translators, a 
speed of 400 words per minute can be reached. 

The Baudot printing telegraph? has been extensively used in 
France and India, while recently its use has been spreading to 
Great Britain, where certain improvements have been added. 
On the basis of duplex working, and using two wires, 160 
words per minute can be transmitted. 

The Siemens-Halske rapid printing telegraph system‘ has been 
remodelled from the system developed and extensively tested 
about 1903, which used a photographic process of recording. In 
its present form it has been successfully used on certain German 
lines and is being tried over three or four different circuits at the 
present time. It seems to be specially suited for underground 


1. G. Robichon, * Le Telegraphte Rowland, " Journal Telegra phique, 
Jan. 25, 1901 and Feb. 25, 1901. 

Potts; The Rowland Telegraph System, A. I. E. E. Proc., April, 1907. 

2. Vansize; А New Page Printing Telegraph, A. I. E. E. PROc., Jan. 25, 
1901. š 
Murray; “ Practical Aspects of Printing Telegraphy ” Inst. Elec. Eng. 
Jour. v. 47, p. 150, 1911. See also Electrician, May 5 and 12, 1911. 


3. t D'Appareils Baudot," Poulaine and Faivre, Paris, 1906. 


Williams; “Тһе Baudot Telegraph System іп India," Electrician, 
Mech. 22, 1907. 
4. Franke, “ег neue Schnelltelegraph der Siemens und Halske,” 


Elektrotechn. Zeitschr., Sept. 25, Oct. 2 and 9, 1913. 
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cable work, as the speed of each instrument is low and the re- 
quired perfect control of both synchronism and phase of the trans- 
mitter and receiver is then not affected by atmospheric conditions. 
The necessity for an entire absence of disturbance can be com- 
prehended when it is noted that many letters require the opera- 
tion of seven relays to switch circuits in the through line in prep- 
aration for each record. On the basis of duplex working and 
the use of two wires a speed of 400 words per minute is obtainable. 
This is only half as fast as the early form which required the 
developing, fixing, washing and drying of the record of the re- 
ceiving message and thus produced a condition at the receiving 
end which was considered uncommercial. 

The Pollak-Virag writing telegraph system,’ unlike any of the 
preceding, does not require synchronism between transmitter 
and receiver. The received message, however, is photographi- 
cally recorded on a sheet, which process entails expense and delay 
in handling the message. It was given an extensive commercial 
test over German lines and also was exhibited in England and in 
this country in 1899. On the same basis as that used in the tests 
of the previous systems the Pollak-Virag telegraph operated 
at 650 words per minute. 

The system about to be described does not employ synchron- 
ism between transmitter and receiver, there are по relays used in 
the operation at either end of the line, only one instrument is 
employed, and the message is reccived ready for distribution. 
On the same basis of computation used in the above systems 
the speed of operation of the author's printing telegraph 1s 650 
words per minute over a 375-mile (603.5 km.) line. 


PLAN OF OPERATION 


The method employed is direct throughout and the trans- 
mitting and recording parts are capable of such adjustment that 
the speed of operation is limited only by the speed of the line. 
The mode of operation is as follows: 

By means of a punch which is connected to a commercial 
typewriter a half-in. (1.27-cm.) strip of paper is punched with a 


5. ''Der Schnelltelegraph von Pollak und Virag” Elektrotechn. 
Zeitschr, Oct. 11, 1900. 


“ Recent Improvements of the Pollak-Virag Writing Telegraph,” 
Electrician, July 3, 1903. “ Telegraphie Rapide Systeme Pollak et 
Virag," Ecl. Electr., Jan. 5, 1907. 
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series of groupings of holes distinctively spaced in five rows, 
cach group representing a letter. Тһе punched strip of paper is 
then sent through the transmitter so that the holes pass under five 
wire brushes. Batterics of either polarity are thereby connected 
between the carth and either onc of a pair of conductors. Bat- 
teries of different potential can also be used, and in one сазе that 
is done, making five different transmitting impulses. Fig. 1 
shows the wiring connections, a representative piece of 
transmitting tape, the printing elements and a section of the 
record. 

At the receiver there are five clements which are separatelv 
controlled except that No. 3 which needs only the normal cur- 
rent also operated when the strong current needed to operate 
No. 515 received. 

The printing is accomplished by subdividing the alphabet 


ABCDE: € lp, Ө pc 


Prin ting Elements 


Fic. 1 


into four independent elements and a fifth which whenever, used, 
accompanies one of the others. These elements then make an 
autographic record by means of a local battery, on a moving 
sensitized paper whenever they touch the surface. It is merely 
necessary to have them operated in the proper sequence and with 
the desired interval in order to obtain any letter or figure of the 
alphabet. 


PHOTOGRAPHS OF COMPLETE APPARATUS 
Fig. 2 shows the punch for preparing the transmitting tape. 
A commercial typewriter is set on the punch base and the opera- 
tion of preparing an office copy of the message also punches the 
transmitting tape. Тһе depression of the digit bar sets the proper 
punch combination, then closes the circuit of an electro- 
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magnet which completes the operation of punching and spacing 
the transmitting tape. The tape is then rolled up ready for use 
on the transmitter. As many punching machines can be used 
at the same time as may be needed to supply the transmitter with 
a sufficient number of rolls of prepared messages. 

Fig. 3 illustrates the automatic transmitter. The roll of paper 
carrying the message is driven under the wire brushes which 
drop through the holes and make contact with the underlying 
rings, five in number. "These rings are slowly rotating, driven 
by the paper friction, so as to insure a continually changing point 
of contact. No trouble at all has been experienced with faulty 
contacts. No speed control has yet been used on the driving 
motor as it has not been found necessary to have any exact speed 
of transmission. : 

Fig. 4 shows the method of construction of thc artificial line 
which needs more than a passing notice. It is made of a great 
many scctions all connected in series. Each section consists 
of two tinfoil grids, separated by wax paper with solid tin- 
foil shects outside of them, also separated from the grids 
with waxed paper. The solid sheets are 614 in. by 9 in. 
(16.5 cm. by 22.8 cm.) and completely cover the grids, which 
are superimposed. There is thus complete distribution of the 
capacity and resistance of the two parts of the circuit with re- 
spect to each other as well as with respect to the ground, while 
each section is shielded from the neighboring sections. The total 
capacity from either line to ground, measured with an a-c. 
pure sine wave of 120 periods per sec. 15 4.05 microfarads. The 
total resistance of each line 1s 747 ohms, while the leakage resis- 
tance due to dielectric absorption is 2 X4,10* ohms. There is no 
appreciable self-induction. On the basis of an open wire cir- 
cuit having a conductor 0.43 cm. in diameter, the capacity and 
resistance relation would make the artificial hine equivalent to a 
circuit 375 miles (603.5 km.) long. Since the open wire line 
has also distributed self-induction, the current at the distant 
end of the actual line would be greater than that at the end of the 
artificialline, if the impressed e.m.f. were the same. The equiva- 
lent length of actual line might be calculated in another way on 
the basis of an alternating current of equivalent frequency. 
When transmitting messages at the rate of 650 words per min. 


6. NorE— The above equivalence is obtained by interpolation in the 
table on p. 256 of “Тһе Propagation of Electric Currents,” J. A. Fleming. 
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the actual duration of an impulse is 1/720 sec. This would be 
equivalent to a frequency of 360 periods per scc. 


Assume f, = Vs cosech РІ (1) 
Zo 
Where Zo = initial sending end impedance = - a (2) 
Vg +jb 
and P = propagation constant = 


а+ј В = Vr+jxVg+ jb (3) 


r,x,gand bare respectively the resistance, reactancce, onductance 
and susceptance per mile. 

I, and V; ате the current at receiving end and impressed e.m.f. 
at sending end? With the same V, the J, will be the same in an 
artificial line and actual open wire line if the length of the line, 
l, is 635 miles (1021 km.). 

If the actual open line, however, is of No. 8 B. & S. gage then 
with the same impressed e.m.f. the current at the end of 375 
miles will be the same as at the end of the artificial line. The 
length of the open line equivalent to the artificial line can be 
conservatively placed at 375 miles. The oscillograph record 
shown in Fig. 7 gives the current distortion, due to the long line, 
which 15 found in this case. 

Fig.5 shows the receiver of the author's printing telegraph sys- 
tem and Fig. 6 15 another view of it with the head lifted from the 
tape todisplay the printing elements. It uses two local circuits; one 
energizes the magnetic circuit which normally holds the printing 
members off of the recording surface and polarizes them. The 
other is 1n series with a resistance and has its positive terminal 
connected to the receiver elements which are here also the print- 
ing members while the negative terminal is connected to the 
slightly moistened tape. А ferrocyanide of potassium solution 
and iron tips to the receiver elements have been found to be 
cheap and satisfactory. The line circuits are connected to the 
receiving spools and temporarily change the magnetic flux as 


7. NotE—See page 84, Fleming, loc. ctl. 
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the signaling currents are received. It is found to be desirable 
to use various magnetic fluxes in the different circuits but in 
every case the magnetic density is not large when the parts of 
the magnetic circuit are proportioned as in this receiver. 

The five elements are mounted on a circular frame so that the 
printing faces nestle closely together and form the pattern al- 
ready shown in Fig. 1. This pattern is only one of several which 
have been tested. The form of the alphabet produced by it 
seems to be entirely satisfactory. А sixth element could be added 
if greater perfection were desired while an alphabet of four 
elements which was thoroughly tried out was found to be leg- 
ible to most people, but vastly inferior in appearance and doubtful 
of acceptance by the public. A sample of the transmitting tape 
and of the message as reccived is shown in the Fig. 7, although 
the dark blue record on a slightly tinted background is a difficult 
object to reproduce photographically, and it is impossible to do 
justice to the onginal. The reproduction serves, however, to 
show the forms of all of the letters and figures as reccived over 
the whole of the artificial line, whose constants have been given, 
at a rate of 650 words per minute. 


OPERATION OF THE RECEIVER ELEMENTS 


The receiver is astonishingly consistent in its operation and it 
would probably be of interest to consider its functioning morein 
detail. The adjustment of the position of the core of a receiving 
magnet is accurately made by means of a reducing gear, all lost 
motion being avoided by the use of a stiff spring. After adjust- 
ment the receiver can be operated for along time without any fur- 
ther attention. In опе case, over four months elapsed without 
touching an adjustment screw, during which time it gave per- 
fect service, then a break in the circuit made a repair and read- 
justment necessary. When a signaling current is received it will 
further magnetize the receiving magnet of onc section of the rc- 
ceiver and reduce the magnetization of {һе one connected in series 
with it. The magnetization due to the local current lifts the 
receiver element from the paper and holds it against the core 
of the receiver magnet. When the signaling current slightly 
reduces the pull on the receiver element it is released, and the 
spring causes it to strike the paper, leaving its record, and then 
to rebound when it is again caught by the local magnctic curcuit 
and held, ready for another release by the signaling current. 
The local current therefore docs the work of distorting the spring 
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and the signaling current merely supplies enough energv to 
release and to allow the stored up energy in the spring to become 
effective. The receiving element has a flat spring rigidly at- 
tached to the core of the magnet which is energized by the 
local current. The natural period of the printing element can 
be made whatever is desired by varying the thickness or width 
of the spring and the size or location of the attached armature. 
The natural period of the receiving element should lie between 
rather sharply defined limits. Its period should be sufficiently 
long so that the signaling current has passed and the magnetizing 
current is again the controlling quality before it returns to its 
resting position; and the period should be short enough so that the 
receiving clement is back at rest before amother signaling cur- 
rent intended to operate it is feceivcd. 

Let us assume that the transmitter connects batteries directly 
between a line and the ground either with or without the con- 
densers which are of service only when the source has large self- 
induction. Fig. 7 shows the current at the end of a 375-mile 
artificial line, due to the impressed constant e.m.f., as obtained 
by photographing oscillograph curves at both transmitter and 
receiver. The current is such as would be used in the vertical 
lines of a G. If we consider the negative current, which releases 
the element making the lower half of the vertical linc for its two 
strokes, 14 can be seen that the natural period of the element 
should lie between definite limits. Since the element is more 
strongly held 1n place while the positive current impulse is on the 
line but is released when the negative current reaches a; and held 
again when the current is not more than b, then the period of 
the printing element should be longer than time between 
a, and b, but shorter than the time between a, and by. Thereis 
one exception that is of minor importance since it is desirable 
to avoid synchronism in general, that is if the natural period is 
exactly as long as the interval from а; їо аз then the second re- 
lease will come at the proper time. If the natural period has a 
value such that the element returns to its initial position at any 
time between bz and b,, except at as, then the resulting stroke 
will be given at the wrong time. "This may not be so far wrong 
as to lead to illegibility, but will obviously give animperfect result. 
The natural period used with this instrument as now adjusted 
lies half wav between a; andas. This high natural period allowed 
the use of the 4” marks which are not considered a necessary part 
of the telegraph alphabct. 
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. Hundreds of oscillograph records have been made, and it can 
be stated positively that with the present circuit and apparatus 
design no combination of currents can occur which will cause 
errors in the record. It is evident that a sufficient increase of 
speed or an increase in the length of the line without an appro- 
priate reduction of speed will produce an inoperative condition, 
but as previously stated, the speed attainable is limited by the 
line and not by the terminal instruments. 

The elements most frequently used are the two which combined 
make a straight upright line. Thisis produced, as already shown 
in Fig. 7, by connecting the battery to the line for 1/720 of a 
second and then reversing it for the same interval. This can 
be considered as a part of a periodic wave having the equation? 


с 
_ 4Е 1 . 2т-+1 
d inar. У зт з" T 4T"! (4) 
0 


V; = potential difference at transmitter at the time / counted 
from the time the positive potential is connected to the line. 

E = potential difference of battery. 

If we assume that the actual transmission will be equivalent 
to the sum of the series as far as the terms are appreciable, 
using m = 0, 1, 2, 3, etc. It will be possible to combine the 
arriving waves and obtain the arrival curve from the equation 
computed separately for each period, 7.е. for each value of m. 
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Z;, Z, and Z, are the impedances of the sending and receiving 
apparatus and the initial sending end impedance. 


Pl=al+j7Bl=l Vr+jxVg+job 
= 2.62 /44° 26’ form = 0 (6) 


8 The form employed is that used by Malcolm, Electrician, April 15, 
1912. p. 916 eq. 32. 
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Z,- U _ 3855 \48" for m = 0 (7) 
Vg t jb 
2, = 0 when batteries are used 
Z, = 56 + j 859 = 862 /86? 15’ form = 0 (8) 
For first harmonic, m = 0, Ir = M C (9) 
j ) 2320 N174° 7’ 
The 2d harmonic, m = 1, has an amplitude of only 2 1 


per cent of the first, and 3d harmonic, m = 2, has an amplitude 
35 
of only log Ре! cent of the first. 


In other cases with shorter lines the harmonics up to the fifth 
may be appreciable but they in no way interfere with the opera- 
tion of the receiver if the receiving elementsare properly designed. 

At the receiver, the current flow, so far as it materially affects 
the printing elements, is therefore a sine wave of frequency 
360 periods per sec., as is apparent from an inspection of the 
oscillograph curves of Fig. 7. 

Noestimate will be made of the cost per message, but the various 
items which have rendered other printing telegraphs too cumber- 
some or expensive for general commercial use are here conspicuous- 
ly absent. The whole receiving and printing part of the mechanism 
can beeasily held in the hand or carried in one's pocket. Aside from 
the paper drive and the power circuits there are only five moving 
parts and they consist of stiff flat springs rigidly attached to the 
frame. The movement of each is less than 1/25 of an inch 
(one mm.) and there is no possibility of their getting out of order 
or needing adjustment. If the paper drive is started by a line 
impulse from the transmitter, a message could be received without. 
the necessity of an attendant ever being present. The receiver, 
due to its extreme simplicity and entire absence of delicate parts, 
would have its first cost considerably less than that of a single 
sensitive relay. 'The cost of maintenance and operation will 
obviously be reduced to a minimum, since on account of its 
simplicity and speed the number of attendants and their in- 
dividual skill will be far less than at present needed. Of the 
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entire system, the most complex part as well as the most ex- 
pensive is the commercial typewriter. Itisnotalteredinany way, 
and if large users of the telegraph should themselves prepare 
the transmitting rolls the typewriters would be available at other 
times for general office purposes. 

The widespread interest in and need for a cheaper telegraph 
service should undoubtedly lead to the adoption of some machine 
method of telegraphy which would make possible a large reduc- . 
tion in telegraph tolls. 
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AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 
REPORT OF THE BOARD OF DIRECTORS FOR FISCAL YEAR 
ENDING APRIL 30, 1914 


The Board of Directors of the American Institute of Electrical Engineers 
presents herewith to the membership its annual report for the fiscal year 
ending April 30, 1914. 

Only a summary of the work which has been accomplished during 
the year is possible in this report, but in the preparation of it a sufficient 
amount of detail has been given to convey a general idea of the scope and 
activity of the Institute. “Those members desiring further information are 
referred to past issues of the monthly PROCEEDINGS, in which nearly all 
matters of importance have been given publicity in greater detail. Ab- 
stracts of the reports of many of the Institute committees, as submitted 
to the Board, are included herein. 

'The exact status of the Institute's financial affairs will be found in the 
statements at the end of this report, which show the finances to be in sound 
and satisfactory condition. The statements also contain detailed in- 
formation respecting the various trust funds, assets and liabilities, and 
other financial data. 

Meetings of the Board.— The Board of Directors has held 10 meeting 
during the year; nine at Institute headquarters in New York, and one at 
Cooperstown, N. Y., during the Annual Convention. In order that the 
membership may keep closely in touch with the administration of the 
Institute's affairs, a résumé of business transacted at these meetings is 
published each month in the Institute PROCEEDINGS. This, however, 
represents only a portion of the business transacted by the Board,as many 
important matters are considered to which publicity is not given pending 
their final settlement. Such matters are dealt with in subsequent issues 
of the PROCEEDINGS under appropriate headings. 

Conventions.— The Annual Convention was held in Cooperstown, N. Y. 
June 23-27, 1913. The total registered attendance was 242, of which 
171 were Institute members. Of the 71 guests, 54 were ladies. Twenty- 
four papers were presented at the six technical sessions. The reduction 
in the number of papers over the two previous years was favorably com- 
mented upon, as it afforded longer time for discussion and eliminated the 
necessity for parallel sessions. 

The success of the first Midwinter Convention, held in New York early 
in 1913, led the Board to give favorable consideration to a demand for a 
similar convention this year, which was held at Institute headquarters 
February 25-27, 1914, under the auspices of the Electric Power Com- 
mittee. Sixteen papers and reports on the general subject of electric 
power were presented, several of the reports embodying separate short 
papers by different authors, each devoted to some subdivision of the main 
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subject. The total registered attendance was 472, of which 354 were 
Institute members. A subscription dinner-dance, under the joint aus- 
pices of the [Institute and the Executive Committee of the Committee on 
Organization of the International Electrical Congress to be held in San 
Francisco in 1915, was the only official social function of the convention. 
About 350 members and guests participated in this event. 

The fifth annual Pacific Coast Convention was held in Vancouver, B. C., 
September 9-11. “The arrangements were made and admirably carried 
out under the auspices of the Vancouver Section. Six technical papers, 
relating chiefly to industries and operations of interest to engineers on the 
coast and in the northwest, were presented. The total attendance was 
154. Vice-President Lighthipe represented the President, and presided 
at this meeting. | 

Other Меейіпрв.-А meeting was held in Philadelphia, Pa., on October 
13, 1918, under the auspices of the Philadelphia Section. "Three papers 
were presented and discussed at this meeting, and the total attendance 
was 204. 

A meeting was held in Pittsburgh, Pa., April 9-10, 1914, under the aus- 
pices of the Committee on the Use of Electricity in Mines and the Pitts- 
burgh Section. Five papers on the application of electricity in. mining 
were presented, and 191 members and guests attended. 

A two-day mecting was held in Washington, D. C., April 24-25, 1914, 
in cooperation with the American Phvsical Society. The meeting was 
conducted on behalf of the Institute bv the Electrophvsics Committee, 
with the assistance of the Washington and Baltimore Sections, and the 
papers presented related more or less to the general subiect of electro- 
physics. The Institute contributed five of the papers presented at the 
meeting. 

In addition to the foregoing meetings, regular monthly meetings have 
also been held in New York, excepting during the summer months. 

The Sections and Branches of the Institute have been exceedingly 
active, having held more than 500 meetings throughout the country. 

During the year, President Mailloux, Honorary Secretary Pope, and 
Secretary Hutchinson have attended a large number of Institute and 
Section meetings in various parts of the country. 

Future Institute meetings during the present year are being arranged 
for, as follows: Pittsfield, Mass., May 28-29; Annual Convention, De- 
troit, Mich., June 23-26, Pacific Coast Convention, Spokane, Wash., 
September 9-11. 

Scientific Lectures.— The wide-spread interest shown by members and 
non-members in the lectures on radioactivity by Professor E. P. Adams 
of Princeton University a year ago prompted the Board to authorize 
the appointment of a special committee on Technical Lectures last fall, 
through which arrangements were made with Dr. M. I. Pupin, Professor 
of Electromechanics in Columbia University, New York, to deliver two 
lectures on the subject of the relation of the electromagnetic theory to the 
science of electrical engineering of the present day. The lectures were 
given in New York on April 29 and May 6, 1914. Dr. Pupin's lectures 
were planned to bring out the points of contact between Maxwell's elec- 
tromagnetic theory and the ordinary and less broad electromagnetic 
theory which serves as the foundation of electrical engineering today. 
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International Electrical Congress.— The Executive Committee of the 
Committee on Organization of the International Electrical Congress, 
San Francisco, 1915, which is Invested with powers to carry on the work 
for the general committee, was reorganized during the year with a chair- 
man, a vice-chairman, and nine other members, in order that it could more 
effectively carry on its work, which has developed considerably during the 
year. The question of financing the Congress was referred to the Board 
of Directors for consideration by the committee last fall, and it became 
necessary to make some adequatc provision for funds to be available for 
this purpose until such time as the committee's income through sub- 
scriptions would enable it to finance the Congress independently of the 
Institute. This was accomplished by the passage of a resolution by which 
the Institute agreed to underwrite the expenses of the Congress to the 
extent of $15,000, with the understanding that the Institute is to be reim- 
bursed to the full amount advanced if the Congress proves to be self- 
supporting, as expected, and is to receive the profits, if any. In agreeing 
to underwrite the expenses of the Congress, the Board took the view that 
inasmuch as the project of holding the Congress originated with the 
Institute, and as, by authority of the International Electrotechnical 
Commission, the Congress is being conducted under the auspices of the 
Institute, the responsibility for obligations incurred in connection with 
it rests upon the Institute. Additional information regarding the Con- 
gress may be found in the abstract of the report of the Executive Com- 
mittee in the following pages. 

International Engineering Congress.— This congress is entirely distinct 
from the Electrical Congress, and is to be held a week after the latter. 
It is being organized under the auspices of the American Society of Civil 
Engineers, the American Society of Mechanical Engineers, the Ameri- 
can Institute of Mining Engineers, the Society of Naval Archi- 
tects and Marine Engineers, and the American Institute of 
Electrical Engineers. The Institute's interest in this congress is limited, 
on account of its obligations to the Electrical Congress, for which it 1s 
solely responsible, and upon the success of which its efforts must neces- 
sarily be largely centered. The Institute is, however, heartily in sym- 
pathy with the proposed engineering congress, is represented upon its 
Board of Management, and is actively cooperating in the work of 
preparation. 

Standardization Rules.— One of the most useful and important activi- 
ties which the Institute has undertaken in recent years, and upon which 
a very large amount of time and energy has been concentrated during the 
past year, is the preparation of a revised edition of the Standardization 
Rules. Credit for this work is due to the Standards Committee, which, 
after nearly two years of unremitting labor, has practically completed the 
revision of the rules, and it is expected that the revised rules will be 
referred to the Board of Directors for formal action at the coming Annual 
Convention. 

Foreign Relations.— The Institute's relations with foreign engineering 
societies have continued harmonious and cordial. The reciprocal ar- 
rangement for the exchange of visiting member privileges with some of 
the foreign societies still remains in force, and has been availed of to a 
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considerable extent. "The Secretary has issued during the past year 
a large number of visiting member certificates to Institute members 
who have gone abroad, and an approximately equal number of certifi- 
cates from foreign societies has been honored by the Institute. 

An important step towards international representation was taken by 
President. Mailloux last August by the appointment, upon authorization 
of the Board, of representatives of the Institute upon the United States 
National Committee of the International Illumination Commission, a 
newly-organized body formed from the International Photometric Com- 
mission at a mecting of the latter held for that purpose in Berlin, 
in August, 1913. In all, ten countries were represented bv delegates. 
President Mailloux unofficially represented the Institute and took a 
conspicuous part in the proceedings. All of the statutes, resolutions and 
official documents of the Commission are to be drawn up in the French 
language, while the national committees mav draw up translations which 
may be published on their own respective responsibilities. Several other 
American organizations are represented on the U. S. National Com- 
mittee. 

The very friendly relations which have always existed between the 
American Institute of Electrical Engineers and the Institution of Electrical 
Engineers of Great Britain have become more cordial than ever during the 
last year, through the personal efforts of their presidents, prior to and since 
their meeting at Berlin in August, 1913, as members of the official dele- 
gations from their respective countries to the meetings of the Inter- 
national Illumination Commission and of the International Electrotech- 
nical Commission. 

In accordance with arrangements previously made by letter and by 
cable a special conference of prominent members of the А. I. E. E. and 
the I. E. E. took place at London, in August, 1913, prior to the Berlin 
meetings. The purpose of this conference was to exchange and compare 
views, adjust and reconcile policies and programmes, and, іп general. 
to secure coópcerative, concerted action between the two countries in 
regard to electrical standardization and various cognate matters, and on 
questions of mutual interest. to both. “This conference was most 
effective in promoting good feeling, and in stimulating the desire 
for coóperation between the two bodies. It paved the way for an 
“ entente cordiale’ which, a few days later, at Berlin, produced telling 
results, by making the representatives from England and the United 
States work together in most satisfactory and effective manner, their 
joint efforts and influence having proved quite preponderating both 
in the organization of the I. I. C. and in the meetings of the I. E. C. 

The desire for continued and systematic coóperation between the A. 
I. E. E. and the I. E. E. having already found expression at London 
and at Berlin, and the advantages thereof having become manifest since 
then, the matter was studied further on both sides and arrangements satis- 
factory to both sides were agreed upon. Formal action in carrying out 
these arrangements was taken by President Mailloux last February, 
when he obtained the authority of the Board to suggest to the Institution 
of Electrical Engineers that a Joint Confcrence Committee composed of 
representatives of the Institution and the Institute be organized to deal 


1914] REPORT OF BOARD OF DIRECTORS 1087 


with matters regarding which concerted action between the standards 
committees of the two bodies might be desirable, and,if the suggestion 
was received favorably, to appoint the Institute's representatives. The In- 
stitution promptly accepted the invitation of the Institute to participate 
in the formation of such a joint committee. 

Committees and Departments.— U ponentering into his administration of 
the Institute’s affairs in August, 1913, President Mailloux, with the sanc- 
tion of the Board, reorganized the technical committees and divided the 
work of the Institute into six departments, with a vice-president and 
manager at the head of each department as Councillor and Vice-Coun- 
cillor. The features of the plan were fully described in the September, 
1913, PROCEEDINGS. 

The Standards Committee was considerably enlarged so as to permit 
the appointment of sub-committees of a suitable number. 

Three new committees were appointed; namely, Electric Power, 
Electrically Propelled Vehicles, and Prime Movers. The Electric 
Power Committee was organized to cover a very broad field, and was 
divided into sub-committees on Power Stations, Power Generation, 
Protective Apparatus, Transmission, Distribution, Economics, and 
Engineering Data, each sub-committee having its own chairman and 
membership. 

Committee Reports.— The following abstracts of the reports submitted 
by the chairmen of various permanent Institute committees give an 
outline of the activities of these committees. Much important work 
has also been accomplished by temporary committees appointed during 
the year for specific purposes; also by delegates of the Institute to meetings 
of other technical organizations and by representatives upon various 
boards, commissions, and other local and national bodies. 

Sections Committee.—In accordance with the custom of previous 
years, the activities of the various Sections and Branches of the In- 
stitute are shown briefly in tabular form below: 


Year Ending 


Мау1| Мау 1| Мау 1| May1] Mayl| Mayl| Mayi 
1908 1909 1910 1911 1912 1913 1914 


Sections | pp. — N n O .I— — Po h sp—[>, | jə ]D —"R s l]—_Ñaə 
Number of Sections 21 24 25 25 28 29 30 
Number of Section 

meetings held.... 141 169 187 208 231 244 233 
Total attendance...| 7476 | 16,427 116,694 115,243 19,800 122,825 | 22,626 

Branches 
Number of Branches: 22 26 31 36 42 47 47 
Number of Branch, 

meetings held... .. | 143 198 237 255 281 357 306 
Attendance......... 4128 8,443 [10,255 |10,714 |10,255 |11,808 | 11,617 


One new Section has been formed within the last year, at Panama. 
Judging from the notices that have come from the new Section, it has 
had а highly successful inauguration, 
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The Pacific Coast membership have not as yet held their annual 
convention, but it is held over until September, thereby making it the 
first of the Institute meetings which will occur in the next administrative 
year. This will be the sixth of these Pacific Coast conventions which have 
been held among the six Pacific Coast Sections. The convention this 
year will be held in Spokane, Wash., September 9, 10 and 11. 

These conventions have been highly influential in maintaining the 
solidarity of the Institute membership on the Pacific Coast. 

The Sections and Branches continue to maintain the important place 
in Institute activities that they have maintained since their inauguration 
twelve years ago. 

Meetings and Papers Committee.— The Meetings and Papers Commit- 
tee has had general supervision of the arrangements for the Institute 
meetings and conventions held throughout the country during the year. 
In providing the program for these meetings the committee has had the 
coóperation and assistance of various other Institute committees. The 
chairman of the committee contributing the paper for discussion at 
a meeting has usually presided at the technical session at that meeting. 

The committee is now making preparation for the Annual Convention. 
which is to be held in Detroit, Mich., June 23-26, 1914. The committee 
is pursuing the same policy as last vear in limiting the number of papers 
to be presented, having found this a great advantage, as it affords a 
longer time for discussion and eliminates the necessity for parallel sessions. 

New York Reception Committee.— The New York Reception Com- 
mittee has arranged for the smokers which have been held at Institute 
headquarters in connection with the monthly meetings. These smokers 
have been supported entirely by voluntary contributions from members 
residing in and near New York. 

Standards Committee.— The membership of the Standards Committee, 
as appointed last vear, has been larger than heretofore, so as to permit 
of the division of the committee into sub-committees on specific subjects. 
Six sub-committees have been created, to deal with the subjects of 
Rating, Telegraph and Telephone Standards, Railroad Standards, Nomen- 
clature and Symbols, Cables, and Rating and Testing of Control Ap- 
paratus. Each sub-committee has been presided over by a chairman. 

The committee, as a whole, has bent its energies during the year to 
producing a new edition of the Standardization Rules. Since the last 
edition was issued in 1911 many rules in it have ceased to be useful, 
and should be superseded. A large amount of material for the new 
edition was laid before the Institute in the papers read at the New York 
Midwinter Convention of February, 1913. Sincethat date the Standards 
Committee has been actively engaged in drawing up the proposed new 
rules and in circulating the proposals for discussion. Preliminary drafts 
of sections of the proposed new rules were printed in December, 1913, 
January, February, March and April, 1914. Many of these drafts have 
been extensively circulated, especially those prepared by the sub-com- 
mittee on Rating. The sub-committees have successively discussed 
and modified these drafts in local meetings attended by specialists from 
different parts of the country. 

The meeting of the whole committee in April, at the Institute rooms. 
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lasted two full days. The latest revision is now being prepared for further 
distribution, and for final discussion at a meeting in June. It is expected 
that the committee will then be able to submit the new edition to the 
Board of Directors at the Annual Convention. 

Code Committee.—The Code Committee was represented by its chair- 
man at a Conference on Fire Prevention held in Philadelphia in October, 
1913, under the auspices of the Philadelphia Fire Prevention Commission. 
The outcome of the conference was that the work which it was expected 
would be handled by the Commission is to be taken care of by the Public 
Policy Committee of the National Board of Fire Underwriters. 

The chairman of the committee also represented the Institute at the 
biennial meeting of the Electrical Committee of the National Board of 
Fire Underwriters held in Boston in April. At this meeting the committee 
appointed to reconstruct Rule 13, dealing with outside construction, 
decided to postpone definite action until the result of the work of the 
joint committee of the American Railway Association on the joint use of 
poles is known. | 

Library Committee.—4A great deal of time and study has been given 
to the Library during the year, by the Library Board composed of repre- 
sentatives of the founder societies, with a view to increasing its efficiency. ` 
The members of the Library Committee represent the Institute upon this 
Board. The complete report of the committee will be published in an 
early issue of the PROCEEDINGS. | 

Railway Committee.—The Railway Committee has endeavored to 
make progress in getting comparisons of actual equipment and opera- 
ting costs characteristic of the various direct-current and single-phase 
electrical installations connected with trunk line traffic, but thus far has 
been unsuccessful, because, while some of the officials concerned have been 
willing to make the necessary exhibits, they have found themselves unable 
to do so without the coóperation of all concerned. Efforts to this end 
have therefore been deferred for the present. 

Electric Illumination Committee.—This committee was not appointed 
until November last, by which time the Institute's work for the adminis- 
trative year was well under way. The committee has held one meeting 
and has had considerable correspondence, including negotiations with the 
Illuminating Engineering Society with regard to joint work and obtaining 
papers on the subject of illumination for the Annual Convention and later 
meetings of the Institute. 

Electric Power Committee.— The Electric Power Committee has been 
principally engaged with the formation of its plans for the development 
and holding of the Midwinter Convention. It is anticipated that during 
the remainder of the year an outline will be prepared of the standardi- 
zation work which can be desirably handled by the committee and of the 
specifications which may be outlined by it. Preparations are also being 
made to take care of one session of the Annual Convention in Detroit. 

The activities of the sub-committees on Power Stations, Power Gener- 
ation, Transmission, Distribution, Economics and Engineering Data are 
covered in the following abstracts. 

Power Stations Sub-Committee.—The Power Stations Committee held 
many meetings in Boston, which were generally limited to those members 
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residing in Boston and its vicinitv, and it also had considerable corres- 
pondence with distant members, with the object in view of outlining the 
duties of the committee and carrving them out efficiently. The com- 
mittee took the responsibility for one of the sessions of the Midwinter 
Convention in New York in February, and provided papers for that 
session. 

Power Generation Sub-Committee.— Unier the auspices of this com- 
mittee there was presented at the Midwinter Convention in New York a 
paper by Dr. Cary T. Hutchinson. on The Economical Capacity of a 
Combined Hydroelectric and Steam Plant. 

Transmission Sub-Committee.—The Transmission Committee provided 
the papers for one of the sessions at the Midwinter Convention in New York 
in February. The principal paper consisted of a gencral report compris- 
ing data and records of experience contributed by the various members 
of the committee. Appended to the report were four short articles all 
relating to the general subject of transmission. 

Distribution Sub-Committee.— The Distribution Committee prepared a 
report with nine appendixes, each covering a specific branch of electrical 
distribution. The report proper referred to some of the newer and larger 
general problems and the tendencies in generalized distribution. The 
report and appendixes, covering practically the entire field of electrical 
distribution, were presented and discussed at the Midwinter Convention. 

Economics Sub-Committee.—'l'he Economics Committee has concen- 
trated its energies upon an effort to arrive at a proper method for recording 
power costs. The object to be attained is to record these costs so that the 
results will permit a true comparison of stations operating under different 
circumstances, 

Engineering Data Sub-Committee — The Engineering Data Committee, 
in cooperation with the Handbook Committee and the Electric Power 
Committee, provided the program for one session at the recent Mid- 
winter Convention. The committee has in hand, and now has revised 
and ready for approval, the model or skeleton high-tension insulator 
testing specification which was prepared last year by the High. Tension 
Transmission Committee. It is believed that this specification will be 
found of considerable value іп an educational way and in the establish- 
ment of uniformity in practise in insulator tests. The committee has 
also been continuing the collection of data on high-tension plants which 
was initiated last vear, and now has in hand reports from some 20 com- 
panies, most of them containing valuable material. These are being 
analvzed and it is expected that the analvsis will be completed for the 
Annual Convention. The committee is also trying out the plan of send- 
ing circular letters to a selected list of engineers asking for their experience 
or practise in regard to some particular question of engincering interest, 
usually at the request of some member wishing information on that partic- 
ular topic. Such pertinent replies as are received are embodied in а cir- 
cular letter and sent to the appropriate list of members. 

Industrial Power Committee.— This committee was not appointed 
until late in October, at which time the schedule of regular meetings for 
the year had been practically decided upon. Consequently, the com- 
mittee has concentrated its efforts towards arranging for papers to be 
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presented at the Industrial Power session at the Annual Convention 
in Detroit in June. It ts hoped that these plans will result in a satis- 
factory meeting. The committee expects to arrange an exhibit of moving 
pictures of the iron and steel industry for the Annual Convention. 

Telegraphy and Telephony Committee.— Th Telegraphv and Tele- 
phony Committee held no meetings during the year, owing to the wide 
geographical distribution of its membership. Under arrangements with 
the Meetings and Papers Committee it accepted the responsibility for 
the program of the Institute meeting heldin New York on March 13, 1914. 
The Institute of Radio Engineers was invited to participate in this meeting. 
Three papers were presented; one dealing with railway telephone and 
telegraph practise, another with a study of telephone traffic in automatic 
systems, and the third with long-distance radio transmission. 

The chairman had considerable correspondence with the members of 
the committee in regard to the collection and compilation of engineering 
data in the allied fields of telegraphy and telephony. A number of pro- 
posals were advanced by certain members of the committee, and these 
were submitted to the whole committee for discussion, but no decisive 
action resulted. 

Electrochemical Committee.— The work of the Electrochemical Com- 
mittee for the past year has been largely devoted to attempts to obtain 
suitable papers on clectrochemistry treated from an engineering viewpoint. 
Owing to the scattered geographical distribution of its members it has 
heen necessary to carrv on the work through correspondence. Three 
papers were promised during the vear, of which one will be presented at 
the Annual Convention. The remaining two papers are nearly completed 
and are definitely promised for next season and may be available in the 
fall. 

The committee has also considered the question of collecting technical 
data in the electrochemical field with a view to collating this for publica- 
tion under the auspices of the Institute, in line with similar work which 
is being carried on by several of the other technical committees. Many 
difficulties have been found in the way of this work, however, and no ac- 
tual data were collected during the year. One feature that appears 
in the way of collecting engincering data relating to electrochemistry 1s 
the fact that some of the electrochemical industries have not been stand- 
ardized toa sufficient extent to justify the standardization of the engineer- 
ing data relating to these industries. Further, such data as the ordinary 
chemical and electrochemical constants would seem to be more properly 
collected in handbooks and textbooks, while new data of this kind would 
seem to be more properly collected by the Electrochemical Societv. 
This society has a committee on electrochemical standards and umts. 

Electrophysics Committee.—' lhe work of the Electrophysics Com- 
mittee has been directed (1) to the securing of papers on subjects relating 
to the physical theory underlying electrical engineering, (2) to the stimu- 
lation of interest in experimental research, and (3) to the arrangement of 
a joint meeting of the Institute and the American Physical Society. 

Up to the present time 10 papers have been considered. Five of these 
were presented at the Washington meeting, April 24 and 25, two are under 
consideration for the Annual Convention, and two have been rejected as 
unsuitable. Promises have also been received of two additional papers 
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Through correspondence the committee has continued its efforts to 
secure a list of promising subjects for research. So far the results of this 
attempt have not been numerous, but it is hoped that by continued effort 
in this direction valuable material may eventually be collected. 

The committee arranged the Institute meeting held in Washington 
April 24 and 25 in coóperation with the American Physical Society. 
The coóperation of the National Burcau of Standards and the Baltimore 
and Washington Sections was also secured. Arrangements were made 
for an interesting exhibit of measuring instruments and other apparatus 
relating to electrical engineering. 

Committee on Use of Electricity in Mines.— During the past year the 
committee has given considerable attention to the question of regulations 
for electrical installations in mines. After a study had been made of the 
situation it was decided that it would be desirable to obtain a discussion 
of mining regulations from individuals interested in this work. There 1s 
no recognized standard for electrical work in mines, and on account of the 
increasing importance of this work it was considered that some standard- 
ization is desirable. A two-day meeting of the Institute was held in 
Pittsburgh on April 9 and 10, at which various European and American 
mining codes were discussed. In addition a number of papers were read 
which produced an interesting exchange of ideas. It was suggested 
that the subject of electrical installation in mines should receive attention 
from the committee for 1914-1915, with the object of obta'ning joint 
action with other national societies toward the formation of a set of rules 
meeting with the approval of mining and electrical engineers, which could 
be used as a basis for standardization and future legislation by state 
governments. 

Committee on Use of Electricity in Marine Work.— This committee 
has provided the two papers which will be presented at the New York 
meeting on May 19. These are, Electricity the Future Power for Steering 
Vessels, and The Future of Electric Heating and Cooking $n Marine Service. 
The committee has held two meetings during the year and steps have been 
taken toward the formulation of rules covering electrical installations on 
shipboard, and the collection of data showing present good practise in 
marine installations. 

Committee on Electrically Propelled Vehicles.—In view of the rapid 
growth in the use of electric vehicles for both pleasure and commercial 
purposes it appeared advisable to have an Institute Committee on Elec- 
trically Propelled Vehicles. The committee has held only one formal 
meeting, but the chairman has been in communication with the various 
members of the committee throughout the year. The general opin- 
ion of the members of the present committee is that the committee should 
confine its attention to the engineering features involved in the design and 
use of electric vehicles, and that questions of standardization of equipment 
and parts should be referred to the Standardization Committee of the 
Electric Vehicle Association of America. 

At the request of the chairman of the Standardization Committee 
of the Electric Vehicle Association of America, the Committee on Elec- 
trically Propelled Vehicles has requested the Standards Committee of the 
Institute to approve the standard charging plug adopted by the Associa- 
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tion, and has also requested the Standards Committee to endeavor to 
secure the adoption of this plug by the U. S. National Committee of the 
International Electrochemical Commission. 

Committee on Records and Appraisals of Property.—This committee 
has decided that its efforts this year should be directed chiefly to formu- 
lating, as far as possible, a statement of the general principles which 
should underlie the production of correct appraisals and records of prop- 
erties, and that it would be better not to attempt to lay more than а 
basic foundation upon which next year's committee can work. 

Prime Movers Committee.—The Prime Movers Committee is now 
engaged on a report which it is hoped will be presented at the Annual 
Convention, covering the present status of the art of prime movers. 
This report will not only cover the relative efficiencies, but also the eco- 
nomics of the situation. 

Educational Committee.— The Educational Committee planned to 
prepare a report dealing particularly with the development of more 
effective means of utilizing existing institutions for vocational training. 
The committee has been in correspondence with the secretaries of the 
Sections of the Institute, and individual members of the committee 
have under way special studies, all bearing on the same general subject. 
The report is nearing completion, but it will not be possible to present 
it at the Annual Convention as it was hoped could be done, and therefore 
it is now planned to refer it to next year's committee. 

Committee on Technical Lectures.—In accordance with suggestions 
received at the time of its appointment, the Committee on Technical 
Lectures arranged for two lectures on the subject of “Тһе Electromagnetic 
Theory and Its Relation to the Science of Electrical Enginecring of the 
Present Time," by Dr. M. I. Pupin, Professor of Electromechanics at 
Columbia University. These lectures were given in New York on April 
29 and May 6, and were largely attended by Institute members and others. 

The committee has considered the subject of arranging for represen- 
tatives of the Institute to deliver popular lectures on engineering subjects 
In cooperation with the boards of education of various cities. It is 
the sentiment of the committee that it is desirable that this work should 
be undertaken next year. 

Editing Committee.— Twelve numbers of the PROCEEDINGS have been 
published under the auspices of the Editing Committee since April 30th, 
1913; the total number of pages being practically the same as for the 
past two years. During the past year the committee adopted the policy 
of cutting down the discussions before sending the stenographer's reports 
to the various speakers for revision. By this means the length of discussion 
is indicated by the Editing Committee in advance, and considerable cor- 
respondence in regard to condensation of discussion has thereby been 
eliminated. This practise has apparently proved equally satisfactory 
to the authors and the Editing Committee. During the past year the 
separate pages for the titles and abstracts of papers in the PROCEEDINGS 
have been eliminated and the abstract included on the title page as part 
of the paper. The typographical style of the PROCEEDINGS has 
thereby been improved and a saving of over $1,000 effected by the 
elimination of two pages for each of the papers published. The change 
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in the weight and character of the paper on which the 1912 issue of the 
TRANSACTIONS was printed permitted this volume to be issued in two 
parts instcad of three as in the previous year, thereby effecting considera- 
able saving in shelf space for the volume as well as a substantial saving 
in cost of publication. | 

Indexing Transactions Committee.— The Index to the TRANSACTIONS 
covering the period from 1884 to 1910 was completed last fall. Volume 
II, covering the years 1901 to 1910, was issued in September, and Volume 
I, covering the years 1884 to 1900, was issued a few months later. An- 
nouncements that the volumes were ready and would be sent gratis to 
any Institute member desiring them, were published in the September 
and December 1913 issues of the PROCEEDINGs, together with full 
information regarding the index, and the volumes have since had a wide 
distribution. 

The index consists of two separate parts, each intended for a distinct 
purpose. 

1. An index of papers in which they are classified in natural groups and 
arranged chronologically in each group. In each case the title and author 
are given, with a bricf synopsis of the coatents of the paper, and the names 
of those who took part in the discussion. Reference is given to volume 
number, year and page. 

2. A topical index of specific data and information arranged alpha- 
betically. "This part of the index furnishes a guide to all the information 
contained in the TRANSACTIONS, and is grouped naturally under nouns and 
phrases, followed by modifying adjectives and sub-classes, all arranged 
alphabetically. 

An index arranged on a similar plan, covering the matter contained in 
the papers and discussions during the ycar, is now published in each 
annual volume of the TRANSACTIONS, beginning with 1911. 

Public Policy Committee.— The Public Policy Committee has held 
three meetings to consider and report upon matters referred to it 
by the President and Board of Directors; namely, the matter of sending 
a memorial to the President of the United States urging the appointment 
of one or more engineers on the Interstate Commerce Commission; to 
consider the continuation of the Institute's representation on the Ad- 
visory Board of the National Conservation Congress; and, to consider 
the invitation from the Secretary of the Interior, to confer with him on 
the subject of proposed legislation to govern the issue of permits for 
hydroelectric development on the public domain. 

Patent Committee.— At the request of the Patent Committee a meeting 
of the Public Policy Committee was called in April to consider certain 
information which had been brought to the attention of the chairman 
of the Patent Committee in regard to the U. S. Patent Office. Аз a 
result of the meeting the Public Policy Committee recommended the 
appointment of a special committee of the Institute to appear before the 
House Committee on Appropriations, in Washington, and urge the in- 
clusion in the Sundry Civil Bill of the sum requested by the Hon. Thomas 
Ewing, Commissioner of Patents, for the preparation of plans for a new 
Patent Office. 

Committee on Relations of Consulting Engineers.—This committee 
has kept in touch with the practise and experience of the American In- 
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stitute of Consulting Engineers in the use of the schedule of recommended 
charges adopted by that Institute, and has collected valuable data re- 
lating to the regulations governing the fees of architects and consulting 
engineers as adopted in certain foreign countrics. 

Committee on Code of Principles of Professional Conduct.— This com- 
mittee has had nothing referred to it for action during the year. ‘The 
code as adopted two years ago has been used as a basis by other societies 
and organizations for the formulation of codes of ethics or principles of 
professional conduct for themselves. 

Constitutional Revision Committee.—As reported to the Board last 
January, the general sentiment of the Constitutional Revision Committee 
was that the best interests of the Institute would be served by not initiat- 
ing any amendments to the Constitution this year. There are a number 
of minor points in the Constitution which could be made clearer or more 
consistent. Such changes might best be brought to the attention of 
the membership for vote when important constitutional changes аге also 
to be voted upon. 

It is thought by the committee that the present Constitution goes too 
much into detail with reference to certain matters, particularly concerning 
committees. The duties of certain committees, presumably the Executive 
Committee, the Board of Examiners, the Tellers, Finance, Sections, Edit- 
ing, and Meetings and Papers Committees, should be dealt with in the 
Constitution. The other committees might be more properly regulated 
. by the by-laws. š 

U.S. National Committee, International Electrotechnical Commission.— 
The Commission held a meeting in Berlin in September, 1913. The 
U. S. National Committee was represented at this meeting by President 
Mailloux and Messrs. Bell, Hobart, Kennelly, and Sharp. Ап advance 
report of the meeting was prepared by the Secretary of the American 
delegation and printed in the Institute PROCEEDINGS for November 
1913, pp. 2148-2162. 

Since the date of the last committee report in May 1913 the following 
publications have been issued by the Central Office: 

June 1913, No. 23 List of Members 

June 1913, No. 24 Fourth Annual Report to December 1912 

Nov. 1913, No. 25 Résumé of Meetings of Special Committees 
held in Berlin, September 1913. 

Dec. 1913, No. 26 Résumé of Meetings of Special Committees 
held in Berlin, September 1913. 

Jan. 1914, No. 27 International Symbols Adopted at Berlin, 
September 1913. 

Mar. 1914, No. 28 International Standard of Resistance for Cop- 
per. 

Several meetings of the committee have been held during the year 
and communication has been maintained with the other national com- 
mittees, on various topics, through the Central Office in London. 

In many ways the I. E. C. has accomplished and is accomplishing 
results of widespread benefit. The U. S. National Committee continues 
to take a prominent and active part in this work as it has in the past. 

Committee on Organization of International Electrical Congress.— 
During the year ending April 30, 1914, the work of organizing the Inter- 
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national Electrical Congress has taken definite form. Early inthe year 
the Executive Committee of the Committee on Organization was re- 
organized with a chairman, a vice-chairman and seven members, most 
of whom are chairmen of sub-committees charged with the responsibility 
of the proper conduct of certain phases of congress work. An Honorary 
President and Honorary Secretary of the Congress were also appointed, 
both of whom are ex officto members of the Executive Committee. 

President Mailloux also appointed as Honorary Members of the Com- 
mittee on Organization prominent engineers in foreign countries, bringing ` 
the total membership of the committee up to about 335 members. 

'The Executive Committee has been invested with plenary powers to 
conduct the organization work on behalf of the committee at large. 

À number of important steps were taken by the Executive Committee 
during the year toward promoting the successful organization of the 
Congress. Membership fees were fixed at the lowest practicable point, 
with the object in view of securing the widest possible dissemination of 
the Congress transactions and the largest practicable membership. 

Invitations to subscribe to membership in the Congress were issued 
beginning about March 1, 1914. These were sent first to Institute 
members, and are now being issued in European countries. Invitations 
to present papers before the Congress have been issued to a carefully 
selected list of approximately 150 engineers in countries other than the 
United States. Similar invitations will shortly be issued to Amencan 
engineers. Steps are being taken to secure official governmental represen- 
tation in the Congress. 

The committee reports an encouraging display of interest in the 
Congress, and the conditions appear propitious for a highly successful and 
very useful Congress. 

Edison Medal.—By the unanimous vote of all of the members of the 
Edison Medal Committee, the fifth Edison Medal was awarded on 
December 10, 1913, to Mr. Charles F. Brush, of Cleveland, Ohio, “ for 
meritorious achievement in the invention and development of the series 
arc lighting system." The presentation will be made during the Annual 
Convention at Detroit. 

Board of Examiners.. The Board of Examiners has held 11 meetings 
during the year. It has examined and referred to the Board of Directors 
with its recommendations a total of 1373 applications of all classes. A 
summary of these is as follows: 


Recommended for election to the grade of Associate...... 685 
Recommended for election to the grade of Member....... 45 
Recommended for election to the grade of Fellow..... ene 29 
Not recommended for election to the grade of Associate... 1 
Not recommended for election to the grade of Member.... 9 
Recommended for enrolment as students... ............. 519 1,262 
Recommended for transfer to the grade of Member....... 46 
Not recommended for transfer to the grade of Member... 20 
Recommended for transfer to the grade of Fellow........ 34 
Not recommended for transfer to the grade of Fellow..... 11 111 


Total number of applications сопѕійегей................. 1,373 
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Membership.—The Membership Committee deemed it inadvisable to 
attempt a membership campaign by direct circulation of literature solicit- 
ing new members. It was felt that this work could be carried on to better 
advantage through the Sections, and accordingly, a circular letter was 
issued inviting their coóperation. Many of the Sections have active 
membership committees and all of them are coóperating in advancing 
the interest of the Institute by obtaining desirable new members. The 
following table shows the number of members in each grade, the total 
membership, and the additions and deductions which have been made 
during the year. 


Honorary 
Member Fellow Member | Associate Total 


Membership, April 30, 1913. 5 316 847 6486 7654 x 
Additions: 
Elected. Z. 7; s sors 1 4 42 700 
Transferred............ 121 264 
Жел бі, covers vus 6 44 
Deductions: 
о, 7, әз ез E NE CRI 1 1 7 28 
BOeNMlld. Losses i. eus 1 6 138 
в ПРОТИЧУ 9 384 
Transferred.. iio iio 110 275 
Membership, April 20, 1914. 5 439 1027 6405 7876 | 
Net increase in membership during the уеаг.................... 222 


Deaths.—' The following deaths have occurred during the year: 

Honorary Member.—Sir William H. Preece. 

Fellow.—Stephen D. Field. 

Members.—]ulius C. Calisch, Richard N. Dyer, Edwin J. Houston, 
Francis W. Jones, F. V. T. Lee, W. D. Marks, W. A. Pearson. 

Associates.—L. E. Beilstein, R. E. Bowser, E. A. Byrnes, J. R. Calhoon, 
M. M. Corbin, C. E. Delafield, R. M. Ferris, E. M. Filine, H. H. Fulton, 
L. J. Gallagher, P. F. Harbolt, L. D. Hitzeroth, R. M. Hopkins, George R. 
Kempton, J. A. Kraeuchi, A. W. Lindgren, L. N. Peart, William Pitt, 
David H. Roberts, A. G. Rodgers, Eugene Romig, Clinton B. Smith, 
Wilson B. Strong, H. H. Struthers, C. Edgar Titzel, George Westinghouse, 
C. W. Whitman, Sidney Woodfield. 

Total deaths, 37. 


Finance Committee.— The following correspondence and financial 
statements form a complete summary of the work of the Finance Com- 
mittee for the year. 
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NEW Үокк, May 12, 1914. 
BOARD OF DIRECTORS, 
American Institute of Electrical Engineers. 
Gentlemen: 

Your Finance Committee respectfully submits the following report 
for the year ending April 30, 1914. 

During the past year the committee has held monthly meetings, 
has passed upon the expenditures of the Institute for various purposes, 
and otherwise performed the duties prescribed for it in the Constitution 
and By-laws. Haskins and Sells, chartered accountants, have audited 
the Institute books, and their certification of the Institute finances 
follows. 

In company with your Secretary and a member of the firm of char- 
tered accountants, the committee has examined the securities held by 
the Institute and finds them to be as stated in the accountants’ report. 

Early in 1913, in consequence of certain extraordinary expenses 
incurred during the previous year, the Board was obliged to negotiate 
a loan of $10,000 in order to mect the Institute’s current obligations. The 
note was taken up several months later, when funds began to accumulate 
through the payment of dues, but it appeared inevitable at the time that 
a similar condition must arise early in the present year. Such, however, 
has not been the case; the income from dues has been sufficient to meet 
all expenditures and to take up the note referred to, without in any way 
curtailing the Institute's activity. In fact, its field has broadened con- 
siderably during the year. 

It will be noted that there is a surplus of $14,966.39 for the fiscal year. 
Of this amount, $3,805.94 is made up of accessions to the Library—vol- 
umes and fixtures and to works of art. 

A change has been made in the form of the report, which will be 
particularly noted in Exhibit (b), the report for the past fiscal vear stating 
the revenue and the expenses for the year, in place of receipts and dis- 
bursements. This change we believe will show more clearly the financial 
operations than the form previously employed. 

It will also be noted that the financial affairs of the Institute are in 
excellent condition, and there is every reason to anticipate that the 
coming year will prove equally prosperous, which should enable the In- 
stitute to take care of the amount it has underwritten in connection with 
the International Electrical and International Enginecring Congresses, 
to be held in 1915, without impairment of its invested surplus. 

Respectfully submitted, 


J. FRANKLIN STEVENS, 
Chairman Finance Committee 
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NEW York, May 11, 1914. 
American Institute of Electrical Engineers, 
33 West 39th Street, New York. 
Dear Sirs: 

Pursuant to engagement, we have audited the books and accounts 
of the American Institute of Electrical Engineers for the year ended April 
30, 1914, and submit herewith our certificate and the following described 
exhibits: 

EXHIBIT 
“ A "—General Balance Sheet-— April 30, 1914. 
“ B "—Statement of Income and Profit & Loss for the Year Ended 
April 30, 1914. 
Yours trulv, 
(Signed) HASKINS & SELLS 
Certified Public Accountants. 


CERTIFICATE 


We have audited the books and accounts of the American Institute 
of Electrical Engineers for the year ended April 30, 1914, and 

WE HEREBY CERTIFY that the accompanying General Balance Sheet 
properly sets forth the financial condition of the Institute on April 30, 
1914, that the Statement of Income and Profit & Loss for the year ended 
on that date is correct, and that the books of the Institute are in agreement 
therewith. 

(Signed) HASKINS & SELLS 
Certified Public Accountants. 

NEW YORK, 

May 11, 1914. 
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AMERICAN INSTITUTE OF 


GENERAL BALANCE SHEET 


EXHIBIT А. 
ASSETS. 
LAND AND BUILDING: 
Interest in United Engineering Society's Real Estate, No. 
5 face 33 West 39th Street: 
ОТИ aa sme ак ag NS yanaq uqu бала аны ық 


Total Land and Вайдіпр......................... 


EQUIPMENT: 
ibrary—Volumes and Ріхілгев......................... 
Works of Art, Paintings, etc............................ 
Office Furniture and Fixtures........................... 


Total Equipment................................ 


INVESTMENTS: 
Bonds: 
New York City, 44%, 1917, Par $8,000.00. .... ....... 
New York City, 44%, 1957, Par $22,000.00............ 
City of Wilmington, Delaware, 41%, 1934, Par $15,000.00 
Chicago, Burlington & Quincy Railroad Company, 4%, 
1958, Par $15.000.00.............................. 


Total Investments............................... 


WORKING ASSETS: | 
Publications entitled “ Transactions," etc................ 
BadBesos2 023 Se au C РА КЕШЕН ped eS ex ala 


Total Working Assets........................... 


CURRENT ASSETS: 
Cass rci cy odes sapimi Vd ee Aaa ыи Kei Lari uka 
Accounts Receivable: 
Members for entrance fees and past dues.. isdat 
АПУС ЗЕГЕ e ay Enn ЫЗ a en Sas ole Sep EA ERS 


FUNDS: 


Land, Building. and Endowment Fund: 
Сав гал аа Жалаа Ма A MS aot $7,513.54 
78.20 


Life Membership Fund: 
Cash. ы о rhe Pa ib қыр Да edis $5,431.91 
09.00 


International Electrical Congress of St. Louis— 
А Fund: 


cu ue РЕЕСТРИРЕЕСТРИ $566.24 
New York City Bonds, 41%, 1957, Par 
$2.000.00............................... 2.268 .00 
Interest Accrued. ........................ 45.00 
MAILLOUX FUND 
hs COMARCA - 95.80 
ew Yor elephone Company Bond, 4 А 
Ии о л. ond. 44%, — 1 000.00 
Interest Accrued.. ЛЕТ 22.50 
Total Funds......................... 


$353,346.61 
180,000 . 00 


38.362 .50 
23,590.00 
15,997 . 50 


14,606.25 


$8,674.25 
911.15 


$3.410. 26 


7,591.74 


5,500.91 


2,879.24 


1.118.30 


$533,346.61 


52.174.76 


2,556.25 


9.585.4 


16,523.08 


17,090.19 
%691,276.29 
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ELECTRICAL ENGINEERS 
APRIL 30, 1914 


LIABILITIES. 
Bond and Mortgage—United Engineering Society—One-third 
Interest in Land, 25 to 33 West 39th Street 
CURRENT LIABILITIES: 
Accounts Payable—Subject to Approval by the Finance 


* «9999060692929 ө еее 


COMMIS sg ышы eea teh sepe dU B le D M ae E 5,561.78 
Interest Accrued on Bond and Mortgage............... 720.00 
Members’ dues paid іп айуапсе......................... 814.75 
Entrance fees and dues advanced by applicants for member- 
BE te Sate cux taa Sa LULA x d sl d eb e uid 72.00 
Total Current Liabilities....................... == 
RESERVES: 
Land, Building and Endowment Ғапа.................... $7,591.74 
Life Membership Рипа................................ 5,500.91 
Mailloux Fund........................................ 1,118.30 
International Electrical Congress of St. Louis—Library 
Fund. | esos уи eked Dead E c EU pa EES 2,879 . 24 
Total Funds; рылу Os Ge ees азуы Dente 17,090.19 
Reserve for Depreciation of Furniture and Fixtures..... 4,867.78 


Total Кезегуез............................... 
SuRPLUs: Per Exhibit " B" 


* e e 9 е 9 à 9 s ç * = а ө * ө <=* э ө ә * ө * э э э 
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$54,000 . 00 


7,168.53 


$691,276.29 
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AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 
STATEMENT OF INCOME AND PROFIT AND Loss 


FoR THE YEAR ENDED APRIL 30, 1914 


EXHIBIT B. 
REVENUE: 
Entrance Feës,... uy a a E EE ERN aad uh $1,228.75 
UI "a DD" 85,915.03 
Students’ Dues. cios sd PUERO MUNI nne eR ba rss 4,245.00 
Transfer Fees, s veo RO PE ror BRI DS NR a 670.00 
Advertising eee ae or eS b M A a dA AUS ма v ені 10,041.92 
OuHDSCEIDULOR Si escena eoe x tae CERE Y LER ean оз 3,061.70 
Sales of “ Transactions," есс.,........................... 2,405.12 
Badges: Sold,.............................. $2,104.00 
Less: СОЗ cL 1,644.81 459.19 
Interest оп Investments,................................ 2.626 .00 
Interest on Bank Вайапсев,.............................. 316.69 
Exchange) a k yuyasun u masu ыы РАНЫ vC ios 24.94 
е rep ОД Q Shan ГЕ $113.997.94 
EXPENSES: 
Meetings and Papers Committee: 
Salaries M TK" $4,300.00 
Binding and Mailing Proceedings,....................... 1,507.60 
Printing Proceedings,................................ 8,504.86 
Engraving Proceedings,.............................. 1,022.57 
Paper and Cover Paper,............. ИТИИ 5,056.91 
Envelopes ызу e dex aded x e eR CR P us 821.12 
Stationery and Miscellaneous Printing.................. 133.47 
General Expense,.................................... 148.71 
Meetings eos a ы Ua Ae ғ жа кал а 6,106.69 
Volume No, dU race adu ie laqa He eR SC OR Uo adea 3.60 
Volume No. 31,..... болада амалы S Sas CV auus pio 11,892.31 


Totalo nsien lene we $42,797.87 


Deduct Increase in Inventory of Publications: 


May-L, LUIS scar die RETRO ayq EUREN $7,028.25 
April 30, 1914,..... icu анаа 8,674.25 1,046.00 $41,751.87 
Executive Department: 
Salaries,..... KA ERU ТТГ CE SEEN eta ou eod $14,842.00 
General Ёхрепве,..................................... 1,645.17 
United Engineering Society—Assessments,.............. 3,375.00 
Express;; alc сызады ia ru Pac e eq iri ағысы 206.65 
Postage naasis акне amana Da ORATOR I d HEE ERS 3,602.62 
Advertising sain за a bo ap Sea RF RR OR ORO CE KC SE à 2,010.95 
Office Furniture and Fixtures,......................... 287.72 
Stationery and Miscellaneous Printing,................ 3,600.13 
Year Book and Catalogue,............................ 2,087.49 
Interest on Bond and Mortgage,....................... 2,160.00 
Interest on Note Payable,............................ А 18.75 
Engravidg ass Vosa eio aw at e d cc ede x wae CRT 13.06 34,449 54 
Forward is es o eed T AE Y $76,201.41 


REVENUE—(Forward),, icies i rox аа аз аар aa ......... $113,997.94 
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REvENUE—(Forward)...... ............................... esas . $113,997.94 
ExpgNsEs—(Forward)....................................a........... 76,201.41 

Sections Committee: 

Section Meetings,........................... ele a ween $3,651.32 

Branch Meetings,..................................... 224.58 

Delegates Convention Ехрепве$,....................... 1,613.36 

Salary and Traveling Expenses, Honorary Secretary,..... 4,353.78 

Salaries, New York Оћсе,............................ 2,268.00 

Stationery and Printing, New York Office, 074.22 

Express on Advance Соріез,........................... 01.56 12,846.82 
General: 

о ОРЕН he Ба SER ai ORE Ы $3,310.66 

Indexing “ Transactions,”,............................ 1,832.21 

International Electrotechnical Commission,............. 275.54 

Finance Committee,................................. 150.00 

Standards Committee,............................... 612.60 

President's Special Арргоргіабоп,..................... 228.30 

Annual Function,........ Pau AGAR ae sm rtc ELE 365.00 

Law Committee,.................................... 500.00 

International Engineering Congress, 1915,............... 875.00 

International Illumination Committee........ ........ 100.00 

Membership Committee,............................. 4.25 8 253.56 
Add: 


Increase in Accounts Payable—Subject to Approval by 
the Finance Committee, Undistributed at: 


May 1,1913,........................ — T $4,335.91 
April 30, 1914,.................................... 5,561.78 1,225.87 
Total Expenses,........................... $98,527.66 
NET REVENU Bisco a E ата Se RS d TEER SR E $15,470.28 
PRorFiT & Loss CREDITS: 
Accessions: | 
Library Volumes and Fixtures,....................... $3,460.94 
Works: of ft. y vov l lu ib ee wks ER ERE Ra 2424; 345.00 
Total; ы a leyku ЫЗ 3,805.94 
GROSS SURPLUS FOR THE ҮЕАВ.,........................................ $19,276.22 
PRorFiT & Loss CHARGES: 
Uncollectible Dues Written ОЙ,.......................... $3,180.00 
Reservation for Depreciation of Furniture and Fixtures,..... 1,129.83 
ТО а ылды» Paw ee ps eSI 4,309 . 83 
NET SURPLUS POR IHE YRAR, ааа 246446 Gees $14,966.39 
SURPLUS, May 1, [9132727722 u ku eae ee CSC RES COT еееее @ ° @ э ө ө э е г оо о 593,183.40 


SURPLUS; APRIL 30; 1914 uoa lia vu weh y OR ERROR ERROR Renee es $608,149.79 
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AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 


STATEMENT OF CASH RECEIPTS AND DONATIONS FOR DESIGNATED PUR- 
POSES. ALSO DISBURSEMENTS, FOR THE YEAR ENDED APLIL 30, 1914. 


Ехнівіт С. 
RECEIPTS AND DONATIONS: 
Land, Building and Endowment fund—Donations, Interest, etc......... $398.22 
Life Membership Рипа............................................. 352.92 
International Electrical Congress of St. Louis Library Fund Donations, and 
Interest оом Glen cia Baa eB eee Аы Urea mam Su E E 94.15 
Mailloux Fund, Interest............................................ 45.00 
General Library Fund, Interest...................................... 6.97 
Total "eec $907 . 26 
DISBURSEMENTS: 
Life Membership Fund............................................. $456 88 
General Library РипЧ.............................................. 284 .92 
Mailloux Fundi avo tan s У ci c Ta Boc PIX GIU A CROP SUAE EE UL 26.75 
Weaver Fund; с сы). 5 ку уж er Otto oca e San OPE do тамен lea Pe 6.09 
ТОСАТ саны отқа ык E iie ata ТА d tre M te STA С ТТ 715.24 


RECEIPTS AND DISBURSEMENTS PER YEAR PER MEMBER. 
During each fiscal year for the past eight years. 


Year ending April 30...... 1907 1906 1909 1910 1011 1913 1913 1914 
Membership, April 30, each 

VOOR. oor base cg x vents 4521 5674 6400 6681 7117 7459 7654 7876 
Receipts рег Member...... $12.21 $13.01 $13.21 $13.35 $13.37 $13.19 $13.45 $11.08 


Disbursements per Member 11.62 11.73 10.49 12.03 11.03 12.44 15.57 12.86 


сте Balaneg per Member $ .59 $1.28 $2.72 $1.32 $2.34 $ .75 932.12 $1.22 
eficit. 


Respectfully submitted for the Board of Directors, 


F. L. HUTCHINSON, Secretary. 
New York, May 19, 1914. 


ANNUAL CONVENTION, DETROIT, MICH., JUNE 22-26, 1914 
See Page 179, Section Í 


PROCEEDINGS 


OF THE 


American Institute 


OF 


Electrical Engineers 


More JUNE iay жауын 


Section I.—Institute Affairs 


CONTENTS OF SECTION I 


; | d 
The Detroit Convention - - - - - - - 1794- 
Pacific Coast Convention, Spokane, Wash., September 9-11, 1914 - - 18% 
Report of Committee of Tellers on Election of Officers - - - - 189 
Directors’ Meeting, New York, May 19, 1914 - - - - - 18% 
Specification and Agreement for Joint Use of Poles - - x - 18$ 
Valuable Gift to Library - - - - - - - 183, 
Testimonial to Mr. Herman Aaron, General Counsel of the Institute - - 184« 
Joint Meeting in Washington, D.C., April 24-25, 1914 - - - - 1844 
A.I. E. E. Annual Meeting in New York, May 19, 1914 - - - - 185.9 
Addresses Want ed - - - - - - - - 186 $ 
Recommended for Transfer, Mzy 14, 1914 B - - - - 186 


Transferred to the Grade of Fellow May 19, 1914 - - - - 186 
Transferred to the Grade of Member May 19, 1914 - - - - 186 
Members Elected May 19, 1914 - - - - - - 187 
Associates Elected May 19, 1914 - - - - - 187 
Applications for Election - - - - - - - 189 
Students Enrolled May 19, 1914 - - - - - - 189 
Joint Meeting of Engineering Societies in Milwaukee - - - - 190 
Past Section Meetings o= - - - - - - 191 
Past Branch Meetings - - - - - - - - 193 
Personal - - - - - - - - - - 196 
Obituary - - - - - - - - - - 196 
Abstracts of Proceedings of Foreign Engineering Societies - - - 196 


Periodicals Wanted for the Library of the Engineering Societies - - - 198 


Section II.—Papers, Discussions and Reports 
FOR CONTENTS OF SECTION II SEE TITLE PAGE OF SECTION II 


Index to Advertisements - - - - - E - ii 


Entered as matter of the second 
class at the post- office, New York, 
N.Y . December 17, 1904, under 
the et of Congress, March 3, 
1879. 


Copvright, 1914, by the A. ]. E E. 
Permission is given to reprint 
any pape? after its date cf presen- 
tation, provided proper credit is 
given. 
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203 Pages 53xS 58 Illustrations 
Electric Arcs 


Experiments Upon Arcs Between Different 
Electrodes in Various Environments 
and Their Explanation. 


By C. H. CHILD, Ph. D. 
Professor of Physics, Colgate University 


Contents: Introduction; Arc in Air between 
Carbon Electrodes; Arc in Air between Other 
Substances than Carbon; Arc with Pressure 
Greater or Less than Atmospheric Pressure 
in Other Gases than Air; Mercury Arc; 
Alternating Current Arc; Photometry of the 
Electric Arc; Use of Arc in Wireless Tele- 
phony; Theory of the Electric Arc. 


Net $2.00 


190 Pages 5х8 32 Tables Net $2.50 


Science of Illumination 


An Outline of the Principles of Arti- 
ficial Lighting 


By L. BLOCH 
Translated by W. C. Clinton 


Contents: Fundamental United in Illumina- 
tion. Measurement and Calculation of 
Luminous Intensity, or Candle-Power.  Es- 
timation of Illumination. Calculation of 
Illumination. Measurement of Illumination. 
Indirect Lighting. Appendices. 


| On Lighting and Illumination 


187 Pages 5x7 52 Illustrations Net $2.00 


Electric Arc Phenomena 
By E. RASCH 
Translated by K. Tornberg. 


Contents: General Outline of Electric Arc 
Phenomena. The Typical Carbon Arc. 
External Phenomena. Arc Adjustment Ty- 
p Electrode Materials and 1heir Physica! 

roperties. Theory of Electrical Discharges 
Through Gases. Spark Discharges. Етп- 
pirical Results. Voltage and Current Condi- 
tions in the Arc. Distribution of Energy 
m bes Arc. Efficiency of Commercial Types 
of Arcs. 


120 Pages 53x83? 22 Illustrations Net $2.00 


Studies in Light Production 
By R. A. Houstoun 


Contents: The energy Spectrum. 
Body. Flames. elsbach Mantle. 
Glow Lamp. The Arc. The Nernst Lamp. 
Metal Filament Lamps. The Mercury 
Are. Light of the Future. On the Absolute 
Measurement of Light. A proposal for an 
Ultimate Light Standard. On Apparatus 
and Experimental Methods. 


The Black 
Carbon 


HAVE YOU A COPY OF FOSTER’S HANDBOOK? 


Atkinson, Philip. The Elements of Electric 
Lighting. Including Electric Generation, 
Measurement, Storage and Distribution. 
Tenth Edition, fully revised and new matter 
added. 104 illustrations. А 
5х7. Cloth. 279рр. 1901. $1.50 

Агс. 58 


Hertha. The Electric 
146 illustrations 6x9. Cloth. 504 pp. 
Net $5.00 


Crocker, Francis B. Electric Lighting. А 
practical exposition of the art for the use 
of engineers, students and others interested 
in the installation and operation of elec- 
trical plants. Two volumes. 

Illustrated. Svo. Cloth. 

Vol. I. The Generating Plant. Eighth 
Edition, entirely revised. 213 illustrations. 
Svo. Cloth. 488pp. 1908. 53.00 


Аугіоп, 
tables, 
1898. 


Eck, Justus. 
tion. 
Paul 
plates. 


Light, Radiation and Illumina- 


Translated from the German of 
illustrations, 
100pp. 


59 
Cloth. 


folding 
1913. 
Net $2.50 


Hogner. 
54x81. 


Johnson, J. H. Arc Lamps and Accessory 
Apparatus. (Electrical Installation Manual 
Series.) Illustrated. 41х6}. Cloth. 135рр. 
1911. Net $0. 5 


Searchlights: Their Theory, Con- 
struction and Application. Translated by 
Charles Rogers. 47 illustrations. 6x9 
Cloth. 145pp. New York. 1907. Net $3.00 


Palaz A. Treatise on Industrial Photometry. 
specially applied to electric lighti Tran- 

š ated from the French by G. W. latterson 
and M. R. Patterson. Second Edition, re- 


Werz, F. 


vised. 92 illustrations. 6x9. Cloth. 334pp. 
1896 $4.00 
Solomor, Maurice. Electric Lamps. 11 
illustrations. 6x9 Cloth. 339pp. (Van 
Nostrand’s Westminster Series.) 1908. 

Net $2.00 


d Electric Arc 
onstruction and 
6x9. Cloth. 

Net $2.00 


Zeidler, J. and Lustgarten. 
Lamps: Their Priciples, 
Working. 160 illustrations. 
188pp. London, 1905. 


A NEW 224 PAGE 1914 COMPLETE CATALOG FREE ON REQUEST 


D. Van Nostrand Company 


25 Park Place 


PUBLISHERS 


New York 
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SIMPLEX 
Steel Taped Cable 


| COPPER must be used where conditions of safety 

CONDUCTOR cae ot ste | 
апд civic pride will not permit the use of 

RUBBER i | . 

| INSULATION overhead wires and a conduit system is too 
TT Е expensive. 

ЕС It’s th 
JUTE FILLING — 8 S e 
TAPE M 
n Logical Choice 
SERVING 


| TARREDJUTE 7/7 


for omamental lighting systems—for distributing 
current to scattered buildings of a manufacturing 
plant or railroad terminal—for parks, large institu- 
‚ tions and private estates. 


It requires no deep trenching to get below the 
| frost line—no expensive manholes or trouble-making 
| splices between terminals— no expert labor for its 
| Installation. It has all the advantages of the con- 
| duit system at less than half the cost. 


SERVING 
и TARREDJUTE 


ха US E i PT, OS Gr E QR EA JE UD MEM S J Qn ar ri кН n E era ra e gos ant pr иң em pr cana ns pne cn ani s eni on got ut ЖОЙ ga иа ен А ки ear dex НЕЙ m а ЕН, ЕК нун 


But be sure you get Simplex Steel Taped Cable 


—the kind with two steel tapes wound on spirally 
in reverse directions. 


THE SIMPLEX MANUAL (92 pages of wiring tables and inform- 


ation regarding insulated wires and cables) free on request to Dept. G. 


SIMPLEX WIRE & CABLE 0 


MANUFACTURERS 


201 DEVONSHIRE ST. BOSTON 
CHICAGO = SAN FRANCISCO 48-111 


- — = = > = 


Н B 5 5 * * Б 1 ni n 1 , ü “ B n * » D 1 + D 
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The Cheapest Conduit is the one that 
Lasts Longest 


When big corporations and municipal- 
ities purchase underground conduit, the 
first consideration is DURABILITY— 
because durability means ECONOMY. 

That is why hundreds of central stations, electric lighting plants and cities 
throughout the United States are laying their cables in 


JM FIBRE CONDUIT ` 


Practically indestructible. It is made of a hard, dense, fibrous substance 
that is impervious to moisture, gases, acid solutions, etc. Absolutely without 
an equal in insulating efficiency. Approved by the Underwriters’ Laboratories. 

Owing to its smooth bore and the absence of seams and rough projections, 
cables can be pulled through with a minimum of energv—and without 
abrading the sheath. 

Weighs only one-sixth as much as stoneware conduit. Reduces freight 
and haulage charges 80 per cent: And costs much less to lay. 

Standard tube lengths 54 inches and 60 inches, 1 to 4 inches inside diam- 
eter. All standard joints and fittings. 

Write our nearest Branch for Booklet. 


H. W. JOHNS-MANVILLE CO. 


Albany Chicago 


Buffalo Dallas 


Baltimore Cincinnati 


Louisville New York San Francisco 


Indianapolis Milwaukee Omaha Seattle 
Boston Cleveland Kansas City Minneapolis Philadelphia St. Louis 

Los Angeles New Orleans Pittsburgh Syracuse 
Member of the Society for Electrical Development, Inc. 
“DO IT ELECTRICALLY ” 2186 


ALPHABETICAL LIST OF ADVERTISERS. 


Aluminum Co. of America........... 
Arnold Co., The 

Arnold, Bion J 
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Lincoln, E. S sca a S qaid 
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Stanton, LeRoy W 

Syracuse University 

Thomas, P. H 

Townsend & Decker 

Van Nostrand Co., D....Inside front cover 
Wagner Electric Mfg. Co 11 
Western Electric С 

Westinghouse Electric & Mfg. Co 
Westinghouse Machine Co 

Westinghouse Traction Brake Co 

Weston Electrical Instrument Co 

White & Co., J. G 

Zabel, Max W 


(Ror Classified List of Advertisers see page IX.) 


PROCEEDINGS OF A. I. E. E. 


THE ARNOLD CoMPANY 


Engineers, 
Censtructors. 


Blectrical = = Civil = - Mechanical. 


108 Se. La Salle Street, Chicage. 


BION J. ARNOLD, 
Member A. |. E. E. 


Consulting Electrical 
Engineer 


105 Se. La Salle Street, Chicage 
184 Nassau Street, New Yerk 


W. S. BARSTOW & CO. 
Incerperated 


Consulting and Construction 
Engineers 


Public Service Properties 
Financed and Managed 


New Yerk 


50 Pine Street, 


PUTNAM A. BATES, 
Member A.I.B.R. 
Consulting 


Blectrical Engineer, 


2 Recter Street, New Yerk. 


H. M. BYLLESBY & CO. 


Incorporated 


New York 
Trinity Bidg. 
Purchase, Finance, Construct and Oper- 
ate Electric Light, Gas, Street Railway 
and Water Power Properties 

Examinations and Reports. 
Uttlity Securities Bought aad Sold. 


Chicage 
Insurance Вх. Bldg. 


EDWARD E, CLEMENT, 
Fellow A. I. E. E. 


Attorney and Expert 
in Patent Causes. 


Soliciting, Consultation, Reports, 
Opinione. 
MeoLachien Bidg.. Washingtes, D.C. 
710 10th St., N.W. 
Testiag and Research Work 


High Voltage Tests 


E. S. LINCOLN, INC., 
Electrical Laboratory 
129-135 BACON ST., WALTHAM, MASS. 


Private Research Laboratories 
Standardiziag of lastrumeats 


FORD, BACON & DAVIS, 


Engineers, 
118 Broadway, New Yerk. 


New Orleans. Sen Prancisco. 


BELA GATI 
Budapest, 1X Gyali-ut 22 

Cable rapid telegraphy, cable type 
printers, eccan-submarine telepheny, 
long distance telephony on telegraph 
lineo. induction shunted colis. 

INTERCONTINENTAL 

telephony. Telephenic current meas- 

uriag instruments, baretter sets. 

Telegraphie address: 


BELAGATT BUDAPEST 


D. C. & WM. B. JACKSON 


Consulting Engineers for 
Electric and Allied Properties 


CHICAGO BOSTON 
Harris Trust Bidg. 248 Boyiston St. 


[June 
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William A. Rosenbaum 
William M. Stockbridge 


THE FRED A. JONES 


Victor D. Borst 
COMPANY — 
C iting and Constructing кашыр ы aaa 
Engineers Patent Attorneys 
Telephones i 2845 | Cortlandt 
HOUSTON AND DALLAS, TEXAS 41 Park Row New York City 


WILLIAM MARSHALL, | |SANDERSON & PORTER 
r x 

Е ENGINEERS 35 CONTRACTORS 
í K Taurai, та a песси aiv REPORTS DESIGNS 
Nm Oondensere for ee d "m CONSTRUCTION MANAGEMENT 
rede Aster i Stic рона са HYDRO-ELECTRIC DEVELOPMENTS 
хвала su rat опо а ааа RAILWAY, LIGHT БЕ POWER 
Lines for Susinasine Cables abd Land Lines PROPERTIES 
709 Lexiagten Ave., near 57th St., New York New YORK SAN FRANCISCO 


RALPH McNEILL 


SARGENT & LUNDY 


Lamp Engineer 
Consultation on Machinery for Tungsten р. OS S КЕСЕ dex E. 
and Carbon Incandescent Electric Lamps, 
Tungsten Wire Drawing, Vacuum Bottles, A. D. LUNDY $e ds 
High Vacuum in General, JAMES LYMAN A.I.E.E, 


New Yerk, N. Y. 
Cable Address: ''Vacunelli'" 


Railway Exchange Bidg., Chicage 


FRANK J. SPRAGUE, 
Past President and Member. 


N. J. NBALL 


ОР 
BOSTON. 


Consulting Electrical Engineer. 


A. Soc. C. E., Inst. E. E 
Inst. C. E., U. S. N. inst 


Consultation - - Engineering 
Plant Management 168 Breadway, New York. 


LB ROY W. STANTON, 


Consulting and Contracting 
Telephone Engineer. 


NBILBR, RICH & CO., INC. 
Successors to 
Pierce, Richardsen & Neller 


tions and Supervisi 

ENGINBERS w'isstustoo s Compete Telephone 

Ceasulting, Dosigniag and Tanl. преси Popote en Telephone 
Su - Properties end Apperatus 


901 Blectrical Bidg., Cleveland, Ohle 
1644 Menadnock Bidg., Chicage 


Manhattan Bullding - 


° Chicago 
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PERCY H. THOMAS THE J. G. WHITE COMPANIES 
Consulting 
Electrical Engineer ENGINEERS - MANAGERS 


Power Transmission PINANCIERS 
Design. Supervision, Advice 


Lightning Protection 43 EXCHANGE PLACE ° NEW YORK 
Special Investigations Chicage San Frascisco Leadon 
2 Recter Street New York Manila Para Baenos Ayres Saatiago, Chili 


TOWNSEND & DECKER 
Solicitors of U.S. and Foreign MAX W. ZABEL 
Patents 
Established 1880 


(Attorneys at Law) PATENT LAWYER 
149 Broadway, New Yerk 
Henry C. Townsend, Ex-Chief Exam- 
{пег Elec. Diviaion. U.S. Patent Office 
Chas. F. Tischner, Jr., M.E., Stevena 1362 Monadnock Block Chicago 
Institute of Technology 


EDUCATIONAL INSTITUTIONS 


SYRACUSE UNIVERSITY 


Lyman Cornelius Smith College of Applied Science 
Syracuse, N. Y. 
Mechanical, Electrical and Civil Engineering. New buildings and approved equipment. Power 
plant. Usualshops. Complete hydraulic laboratory. Practical Chemistry. 
Usual course leading to degrees in Liberal Arts, also MedicinesLaw, Architecture, Music, Paintiag. 
Pedagogy, Agriculture, Forestry, etc., in their respective schools. Send for catalogue. 


RENSSELAER POLYTECHNIC INSTITUTE 
Troy, N. Y. 


ENGINEERING AND SCIENCE 


Courses in Civil, Mechanical, Electrical and Chemical Engineering and Science, ‘eading to the 
degrees C. E., M. E, E. E., Ch. E, and B. S. Also special courses. 

Unsurpassed new Chemical, Physical, Electrical, Mechanical and Materials Testing Laboratories. 
Send for a catalogue to the Registrar. 
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INDEX TO TRANSACTIONS 


=O the 
American Institute of Electrical Engineers 


VOLUME I, 1884-1900. VOLUME II, 1901-1910. 


The Index to the A. I. E. E. Transactions, issued in two 
volumes, is now ready for distribution. 


The index comprises two separate parts: 

1. An index of papers classified in natural groups and arranged 
chronologically in each group. 

2. An index of specific data and information arranged alphabetically. 


This is a very thorough and reliable index, and brings the 
entire contents of the Transactions to your attention in a 
simple and condensed form. 

The Index is bound in substantial cloth, Volume I contain- 
ing 177 pages, and Volume II, 367 pages. 

Members may obtain this index, without charge, upon 
written request to the Secretary. Price to non-members, 
$1.00 per volume. 


American Institute of Electrical Engineers 
33 West 39th Street, New York 


POSITION WANTED 


ELECTRICAL ENGINEER with capital, technical graduate with three 
ycars experience in interior construction, also line construction, seven years 
central station experience, including installation of apparatus, operation and 
maintenance of the same, soliciting, collecting, etc., desires position as superinten- 
dent of light and power company, or other responsible position. Assoc. A. I. E. E. 

Address No. 873, Am. Inst. Elec. Engineers, 33 West 39th St., New York. 


AS MANAGER of an important power company; by technical graduate who 
has had fifteen years' experience, mostly in charge of D-C and A-C power plants, 
both low tension and high tension. Member A. I. E. E., Assoc. Mem. A. 5. C. E. 
At present Chief Engineer State Public Service Commission, which position he 
has held for several years. 

Address No. 874, Am. Inst. Elec. Engineers, 33 West 39th St., New York. 
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ALUMINUM 


Fer long distance, transmission, 
railway feeders and bus-bars. 
Insulation furnished when required. 


ALUMINUM COMPANY OF AMERICA 
PITTSBURGH, PA. 

New York Detroit Rochester San Francisco 

Chicago Boston Kansas City Toronto 

Cleveland Philadelphia Washington London 
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ELECTRICAL TESTING LABORATORIES ING. 


| Photometrical Department 
X 
| 


Photometrical tests of all forms of commercial illuminants. 
Illumination tests made anywhere indoors or outdoors. 


Electrical Department 


Tests of electrical instruments, apparatus and materials. In- 
spection of electrical material and apparatus at factories 


General Testing Department 


Coal and ash analysed. Paper tested. Industrial and clin- 
ical thermometers checked. Tensile, compression and torsion 
tests of structural materials. Complete tests on cement and 
concrete. 


80th STREET and EAST END AVENUF 
NEW YORK, N. Y. 
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This New Bulletin 


has been published for your infor- 
mation and should be in your files. 
It gives complete information re- 
garding the properties and charac- 
teristics of 30 per cent. 


Colonial Copper Clad Wire 
то О.С. C rn 


If your are interested 1n copper clad wire for bond wires, 
bare wires or strands, rubber insulated or weatherproof 
wires, write our nearest office for C. C. C. Specification 
Bulletin. 


Standard Underground Cable Co. 
Pittsburgh, Pa. 
Philadelphia Chicago 
San Francisco St. Louis 


Standard Underground Cable Co., of Canada, 
Limited, Hamilton, Ont. 


We Manufacture Electric Wires and Cables of all kinds and sizes, and (or all 
services; also Cable Accessories 


New York 
Boston 


For Canada: 


Classified List of Advertisers. 


Norz: For reference to the advertisements see the Alphabetical List of 
Advertisers on page III, 


ACCUMULATORS, ELECTRICAL. 
Edison Storage Battery Co., Orange, N. J. 
МӘ ілелонде Machine Со., East Pittsburg, 
а. 


AIR COMPRESSORS. 
General Electric Co., Schenectady, N. Y. 
Қазалы Втаке & Electric Со., Milwaukee, 
is. 
Westinghouse Traction Brake Co., New York 


AMMETERS AND VOLTMETERS. 
Esterline Co., The, Indianapolis, Ind. 
General Electric Co., Schenectady, N. Y. 
Wagner Electric Mfg. Co., St. Louis, Mo. 
Western Electric Co., All Principal Cities. 
Westinghouse Elec. and Mfg. Co., Pittsburg, 


a. 
ыа Electrical Instrument Co., Newark, 


ARRESTERE, LIGHTNING. 
General Electric Co., Schenectady, N. Y. 
Wo slo Elec. and Mfg. Co. Pittsburg. 

a. 


BOOKS. 
Van Nostrand Co., D., New York. 
Ward Clausen Co., New York. 


BRAKES, CAR. 
General Electric Co., Schenectady, N. Y. 
National Brake & Electric Co., Milwau ee, 


18. 
Westinghouse Traction Brake Co., Pittsbur 
a. 


CABLE CONNECTORS AND TERMINALS. 
Dossert & Co., New York. 


CIRCUIT BREAKERS. 
Cutler-Hammer Mfg. Co., Milwaukee, Wis. 
General Electric Co., Schenectady, N. Y. 
Western Electric Co., All Principal Cities. 
ЖО Евон Elec. and Mfg. Co., Pittsburg, 
a. 


CLUTCHES, MAGNETIC. 
Cutler-Hammer Clutch Со, Milwaukee, Wis. 


CONDUITS. 
G. & W. Electric Specialty Co., Chicago, 111. 
Johns-Manville Со. H. W., New York 


CONTRACTORS. 
Sanderson & Porter, New York. 
White & Co., J. G., New York 


(Continued on page XI) 
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Ammeters and Voltmeters, Wattmeters, Synchro- 
scopes, Power Factor Meters and Frequency Meters, 
constitute a line of Switchboard Alternating Current 
Indicating Instruments which is unequalled. Send 
for our Catalogs giving full description of these in- 
struments. They are accurate—durable—depend- 
able—and we stand back of them. 


Demonstrations of the operative character- 
istics of these remarkable instruments may be 
observed in our New York Office and also 
in the offices of Selling Representatives in 
Philadelphia, Chicago, San Francisco and 
Toronto. 


Weston Electrical Instrument Co. 
| Main Office and Works, Newark, N. J. 


New York, 114 Liberty St. Toronto, 76 Bay St. 

Chicago, 832 Monadnock Block. Cleveland, 1729 E. 12th St. 

Boston, 176 Federal St. Montreal 

Philadelphia, 303 Hale Bldg. кы kasaae l Northern Eichi Company 
Birmingham, American Trust Bldg. Calgary 

St. Louis, 915 Olive St. Paris, 12 Rue St. Georges. 

Denver, 2910 Huron St. London, Audrey House, Ely Place, Holborn. 
San Francisco, 682 Mission St. Berlin, Genest Str. 5, Schoenberg. 


Detroit, 1933 Dime Bank Building Johannesburg, So. Africa. F., Peabody Rice, 
Standard Bank Buildings, Harrison St. 
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Classified List of Advertisers—Continued. 


(Continued from page IX) š 
CONTROLLERS. FIBRE. 
Crocker-Wheeler Co., Ampere, N. Johns-Manville Co., H. W., New York. 


J. 
Cutler-Hammer Mfg. "Со. Milwaukee, Wis. 
General Electric Co., Schenectady, N. Y. 
менене Elec. and Mfg. Co., Pittsburg, 


CRANES AND HOISTS. 
General Electric Co., Schenectady, N. Y. 


CUT-OUTS. 
General Electric Co., Schenectady, N. Y. 
G. & W. Elec. Spec. Co., Chicago, Ill. 


We нон Elec. and Mfg. Co., Pittsburg, 


DYNAMOS. 
See Generators and Motors. 


EDUCATIONAL INSTITUTIONS. 
Rensselaer Polytechnic Institute, Troy, N.Y. 
Syracuse University, Syracuse, N. Y. 


ELECTRIC LOCOMOTIVES. 
General Electric Co., Schenectady, N. Y. 
l ¿a Elec. & Mfg. Co., Pittsburg, 
a. 


ENGINEERS. 
x Bion J., Marquette Bldg., Chicago, 


Barstow, W. S., 56 Pine St., New York, 
Bates, Putnam A., 42 Broadway, New York. 


Byllesby & Co., H. M., New York Life Bldg., 
Chicago, Ill. 


Ford, Bacon & Davis. 115 Broadway, N. Y.- 


Gati, Bela, Budapest, Hungary 

Jackson, Dugald C. & W. B., Ciesa, Ill. 
and Boston, Mass. 

Jones Co., Fred A., 210 Main St., Houston, 
Texas. 

Lincoln, E. S., Brookline, Mass. 

Marshall, Wm., 709 Lexington Ave., New 


York. 
McNeill, Ralph, 223 W. 106th St., New York. 
Neall, J.. Boston, Mass. 
Neiler, Rich & Co., Inc., Manhattan Bldg., 
Chicago, Ill. 


DADOS on & Porter, 52 William St., New 

ork. 

Sargent & Lundy, Railway Exchange Bldg.. 
Chicago, Ill. 


Sprague, Frank J., 20 Broad St., New York. 
Stanton, LeRoy W., 1644 Monadnock Block, 


Chicago, Ill. 
Thomas. P. H., 2 Rector St., New York. 
White & Mone G., 43 Exchange Place, New 
York, N 


ENGINES, GAS AND STEAM. 
Westinghouse Machine Co., East Pittsburg, 


FANS ELECTRIC. 
Fort Wayne Electric Works, Fort Wayne, 


General Electric Co., Schenectady, N. Y. 

Western Electric Co., All Principal Cities. 

шш Elec. and Mfg. Co., Pittsburg 
&. 


FUSES. 
Daum Co., A. F., Pittsburgh. Pa 
General Electric Co, Schenectady. N. Y. 
Johns-Manville Co., H. W., New York. 


GALVANOMETERS. 


Weston Electrical Instrument Co., Newark, 


GAS ENGINES. 
MESH UEHRUSE Machine Co., East Pittsburg, 
a. 


GENERATORS. 
Crocker-Wheeler Co., Ampere, N. J. 
Fort Wayne Elec. Works, ort Wayne, Ind. 
General Electric Co., Schenectady, N. Y. 
пош Brake & Electric Co., Milwaukee, 


Weten Electric Co., All Principal Cities. 
Westinghouse Elec. and Mfg. Co., Pittsburg. 


INSTRUMENTS, ELECTRICAL. 
Esterline Co., The, Indianapolis, Ind. 
General Electric Co., Schenectady, N. Y. 
Wagner Electric Mfg. Co., St. Louis, Mo. 
Western Electric Co., All Principa! Cities. 
Wer ghous Elec. and Mfg. Co., Pittsburg. 


Weston Electrical Instrument Co., 


Newark, 


INSULATION, MOLDED. 
Cutler-Hammer Mfg. Co., Milwaukee, Wis. 
Electrose Míg. Co., Brooklyn, N. 
General Electric Co., Schenectady, N. Y. 
порази Со., Н. W., New York. 
үчин Elec. & Míg. Co., Pittsburg, 
a. 


INSULATORS AND INSULATING MATERIAL. 
Brookfield Glass Co. New York. 
Cutler-Hammer Mfg. Co., Milwaukee, Wis. 
Electrose Mfg. Co., Brooklyn, N. Y. | 
General Electric Co., Schenectady, N. Y. 
Johns-Manville Co., H. W., New York. 
The Ohio Brass Co., Mansfield, Ohio. 
M шош Elec. & Mfg. Co., Pittsburg, 


a. 
Western Electric Co., All Principal Cities. 


LABORATORIES. 
Electrical Testing Laboratories, 556 East 
80th St., New York. 
Electrical Testing & Research Laboratories. 
Brookline, Mass. 


LAMPS, ARC. 
Bore Wayne Electric Works, For 
nd. 
General Electric Co., Schenectady, N. Y. 
Western Electric Co., All Principal Cities. 
шпон Elec. & Mfg. Co., Pittsburg. 
a. 


Wayne, 


(Continued on page XIII) 
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REG. U.S. PAT. OFF. & F OREIGN COUNTRIES. 


LIGHTNING-PROOF 
LINE AND STRAIN INSULA TORS 


LOUIS STEINBERGER'S PATENTS 


No. 9302. No. 162. 


THE BEST INSULATORS ARE. THE CHEAPEST IN THE END 
ELECTRICAL AND MECHANICAL VALUES 


No. 9302, No. 162. 
10” Disk Suspension and 74” Disk Strain 
Strain Insulator Insulator 
Puncture Value. ov аг ev uv wa rs 150,000 Volts, 120,000 volts, 
DNE TOL ossa Car аза азығы 100,000 < 75,000 
Tested to Dry ATG... S acusa u a RA 100,000 “ 75,000 “ 
КЕЙ АТС аара ыа ВЫЕ аЛа Я 55,000 “ 55,000 “ 
Lans VITRE x6 255085 62) 4585 TORIA 25,000 “ 25,000 “ 
Mechanical Value: „=. aaa aaa 20,000 pounds, 20,000 pounds, 
Tested 0; acia 09 XSACRCIHÓE A YN da 10,000 “ А 10,000 я 
WIIENE due ЕЛРОЧСИ 3-043. x X icai s eS 11 165. 6 Ibs. 


POINTS OF SUPERIORITY 

Electrical Values. 

Mechanical Values, 

Electrose insulation possess a uniform texture and density of body. This 
quality is an absolute necessity for line insulators to insure safe, continuous 
and reliable service. 

4 Swivel form of connecting terminals. Units may be connected and securely 
interlocked in a fraction of a minute. No separate member required. 

b. Absence of projections on metal parts, thereby avoiding corona effects, and 

6 

г Ë 


am 


consequent loss of power. 
. Drop forged steel galvanized suspension and strain members. 
The most perfect disk form of design combined with highest electrical and 
mechanical efficiency. 
Sole Manufacturers 


ELECTROSE MFG. CO. “тез ч: 


 ——— s 
ғ 


— 9 
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Classified List of Advertisers—Continued. 
(Continued from page XI) 


LIGHTNING ARRESTERS. 
General Electric Co., Schenectady, N. Y. 
оа oe Co., . W. New York. 
анны Elec. and Mfg. Co., Pittsburg, 
a. 


LOCOMOTIVES, ELECTRIC. 
Baldwin Locomotive Works. Philadelphia. 


Pa. 
General Electric Co., Schenectady, N. Y. 
овоме Elec. and Mfg. Co., Pittsburg, 
a. 


METERS, ELECTRIC. 
Esterline Co., The, Indianapolis. Ind. 
ое Electric Works, Fort Wayne, 


General Electric Co., Schenectady, N. Y. 

{мп Co., H. W., New York. 
estern Electric Co., All Principal Cities. 

Westinghouse Elec. and Mfg. Co., Pittsburg. 
Pa. 


MOTORS. 
Crocker-Wheeler Co., Ampere, N. J. 
тал Electric Works, Fort Wayne, 
I 


General Electric Co., Schenectady, N. Y. 

National Brake & Electric Co., Milwaukee, 
Wis. 

Richmond Electric с Richmond, Va. 

Wagner Electric Mfg. St. Louis, Mo. 

Western Electric Co., AW "Principal Cities. 

Westinghouse Elec. and Mfg. Co., Pittsburg, 
Pa. 


PANEL BOARDS. 
General Electric Co., Schenectady, N. Y. 
Western Electric Co., All Principal Cities. 


PATENTS. 

Clement, c E., McGill Bldg., Washing- 
ton, D. 

Rosenbaum, Stockbridge & Borst, 41 Park 
Row, New York. 

Townsend & Decker, 141 Broadway, New 
York. 

Zabel, Max W., 1362 Monadnock Block, 
Chicago. 


PUBLICATIONS, TECHRICA T 
Van Nostrand Co., D., New York, N. Y. 


PUMPS. 
Goulds Mfg. Co., Seneca Falls, N. Y. 


RHEOSTATS. 
Crocker-Wheeler Co., Ampere, N. J. 
Cutler-Hammer Mfg., Co.. Milwaukee, Wis 
General Electric Co., Schenectady, Ñ. Y. 
Western Electric Co., All Principal Cities. 
Ын Elec. and Mfg. Co., Pittsburg, 
a. 


SOCKETS AND RECEPTACLES. 
Cutler-Hammer Mfg. Co., Milwaukee, Wis. 


SOLENOIDS, MAGNETIC. 


Cutler-Hammer Míg. Co., Milwaukee, Wis. 


STOKERS, MECHANICAL. 


совно Machine Со., East Pittsburg, 
a. 


STORAGE BATTERIES. 
See Accumulators, Electrical. 


SWITCHBOARDS. 
Crocker-Wheeler Co., Ampere, N. J. 
Е Electric Works, Fort Wayne, 
General Electric Co., Schenectady, N. Y. 
ohns-Manville Co., . W., New York. 
estern Electric Co., All Principal Cities. 
мерае Elec. and Mfg. Со., Pittsburg, 
a. 


TELEPHONES. 
Western Electric Co., All Principal Cities. 


TRANSFORMERS. 
Crocker-Wheeler Co., Ampere, N. J. 
General Electric Co., Schenectady, N. Y. 
National Brake & Electric Co., Mi waukee 


Wis. 
Wagner Electric Mfg. Co., St. Louis, Mo. 
Me EDONG Elec. and Mfg. Co., Pittsburg. 
a. 


TRUCKS, STORAGE BATTERY AUTO. 
Me шило е Machine Со.. East Pittsburg, 
a. 


TURBINES, STEAM. 
General Electric Co., Schenectady, N. Y. 
Western Electric Co., All Principal Cities. 
еее Масћіпе Со., East Pittsburg, 
a. 


WATTMETERS. 
Esterline Co., The, Indianapolis, Ind. 
Por тай Electric Works, Fort Wayne, 
nd. 
General Electric Co., Schenectady, N. Y. 
he ады ШЕ Со., : . New York. 
estinghouse Elec. and Mfg. Co., Pittsburg, 


Pa. 
Weston Electrical Instrument Co., Newark, 


WIRES AND CABLES. 
Aluminum Company of America, Pittsburg. 


Pa. 
Detroit Insulated Wire Co., Detroit, Mich. 
General Electric Co.. Schenectady, N. Y. 
Kerite Insulated Wire & Cable Co., 30 
Church St., New York. 
Roebling Sons’ Co., John A., Trenton, N. J. 
s aen Underground Cable Co., Pittsburg, 


Simplex Wire & Cable Co., Boston, Mass. 
Western Electric Co., All Principal Cities 
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CUTLER-HAMMER 
MULTIPLE SWITCH TYPE. 


MOTOR STARTERS 


insures proper starting of large motors. When more than five 
seconds are required for acceleration the multiple switch 
starter is preferable even for moderate size motors. 

Closing the individual switches introduces a desirable time 
element, preventing acceleration too hastily. 

The laminated brushes and the hard rolled copper con- 
tacts carry five times as much current as sliding contacts. 

Bulletins on multiple switch motor starters and regulators 
sent on request. 


The Cutler-Hammer Mfg. Co., Milwaukee 


NEW YORK: Hudson Terminal, 60 Church St. CHICAGO: Peoples Gas Boilding 
PITTSBURGH: Farmers’ Bank Building BOSTON: Columbian Life Building 
PHILADELPHIA: 1201 Chestnut Street CLEVELAND: Schofield Building 


PACIFIC COAST AGENTS: H. B. Squires Co., 579 Howard Street. SAN FRANCISCO, 
239 Sherlock Building, Portland, Ore., and W. B. Palmer, 416 East 8rd Street, Los Angeles 
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Esterline Portable Graphic Meters 


You know that accurate and reliable records of the 
performance of electrical equipment are of very great 
value to engineers. Such records when preserved in the 


єс 


„їй. 


nature of graphic curves 
are unquestionable. 


Esterline Portable Curve 
Drawing Instruments can 
be operated anywhere. 
They weigh 20 pounds com- 
plete and are built for the 
measurement of all electric 
quantities, also speed, tem- 
perature, service, etc. 


Chart feeds can be se- 
lected to suit conditions. 
Nine speeds from 34 inch 
to 360 inches per hour are 
available. A week's contin- 
uous curve is given without 
the operator s attention. 


For testing electrical 
equipments on cranes, 
hoists, machine tools, 
battleships, electric rail- 
ways and for making curves 
on mill motors, conducting 
electrolysis investigations, 


they are unequalled. There are 874 different 


standard ranges and types described in our data book. 


Write today for Catalog No. 3218 just issued. 


The Esterline Company 


Engineers and Manufacturers 


Indianapolis, Ind. 
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A. L E. E. PUBLICATIONS. 


PROCEEDINGS. Published monthly. Contains two sections. 


Section I is devoted to current Institute news, notices of meetings, of 
committees and of Section and Branch meetings, abstracts of lectures and papers 
presented at Section and Branch meetings, special contributions, personal mention 
etc. 

Section II contains all of the technical papers and discussion presented at regular 
Institute Meetings, reports of various technical committees of the Institute and 
other matters of an engineering character. 


Annual subscription price in the United States 

All other countries 

Single copies 

Discount tc .aembers of the A. I. E. E. and to libraries, 50 per cent. 
Discount to Publishers, Agents and Dealers, 10 per cent. 


TRANSACTIONS, Published annually. 


Contains such of the technical papers, discussions and reports published in the 
PROCEEDINGS as are selected and authorized by the Meetings and Papers Com- 
mittee of the A. I. E. Е. The TRANSACTIONS form a permanent record of the pro- 
gress of electrical engineering. 


Existing bound volumes may be purchased by non-members at the following I 
Paper covered volumes, per уеаг..................... Tem .$10.00 
Cloth ы а E. 1 
Half Morocco т е 


А discount of 10 per cent from the above prices, either for volumes, subscriptions, 
or parts, may be allowed to publishers and dealers. Members and Associates 
shall be allowed a discount of 50 per cent on parts or duplicate volumes to replace 
those lost or destroyed. They may purchase volumes issued prior to their election, 
when available, at $5.00 each, either in paper or cloth covers. Add $1.00 for each 
тише or part in half morocco binding. form 153 for list of volumes issued іп 

wo parts. 


SEPARATE PAPERS AND DISCUSSIONS. 


Most of the papers and discussions published in the TRANSACTIONS can be 
furnished separately at the following prices: 


Single copies of any paper with discussion.............................. 
Five or more copies of any papers with discussion $a d 


Many of the apers рілген іп Volumes I to ІХ (1884 to 1892) inclusive, and 
an 


the Volumes XVI XVIII (1900 and 1901) are out of print and cannot be 
s; Discounts of 50% to members and 10% to dealers and publishers 
allowed. О 


STANDARDIZATION RULES. Revised Edition, Published 1911. 


Gives standard definitions of electrical terms, technical data, standard per- 
formance specifications and tests of electrical machinery, standard voltages and fre- 
quencies, and general recommendations, as adopted by the Standards Committee 
and approved by the Board of Directors of the A. I. E. E. June 27, 1911. 


Price per copy (paper) 


YEAR BOOK OT THE А.І. E. XE. Published annually in January. 


Containing lists of Officers, Board of Directors, Committees, Members, Associates 
and Enrolled Students; Sections and Branches; Constitution, By-laws, and general 
information regarding the scope and work of the Institute. 


Price per copy . 
Free to members. 
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Alkaline = Guaranteed 
Nickel-Iron = for 4 Years 


EDISON FOR SERVICE 


For Traction, the “А” Type. With an hour's boost at noon 
time Edison Storage Batteries will run a 5-ton truck 75 miles or 
more. 50, 55 and 60 miles per day are regular runs on one charge 
— seven days a week if necessary. 


For Ignition and Lighting, the “В” Type. The Edison 
Storage Ignition and Lighting Batteries are guaranteed and always 
on the job. The steel container cannot be broken. The Nickel- 
Iron Alkaline Battery can be left idle indefinitely, either charged or 


discharged, and is ready for service when wanted. 


Whether for Traction, Ignition or Lighting the Edison is the only Battery you 
can always depend upon 


Edison Storage Battery Company 
160 Lakeside Avenue, Orange, N. J. 


Write for information on the Edison Storage Battery and also for Bulletins on the 
Edison Alternating Current Rectifier for Charging Ignition and Lighting Batteries 
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“From Coal to Customer" 


requires many connections in your power and sub-stations. The current 
surge that may burn out soldered connections will be safely carried if those 
connections are made secure and reliable with 


Dossert Connectors and Terminals 


They have 


10096 PLUS of the Cables' Carrying Capacity 


Dossert Connectors form mechanical connections without soldering. They 
save considerable time and labor in the erection of apparatus and afford 
easy facilities for disconnecting circuits in case of trouble or when temporary 
connections are required. Their field of usefulness is a large one in power 
and sub-station wiring. You should use Dossert Connectors for efficient 
connections to switchboards, panel and control boards, busbars, switch and 
control gear, generator, converter and transformer apparatus, motors, taps 
from feeders and risers, and all shop and mine wiring and apparatus. 


Ask for our Tenth Year Catalogue 


Dossert & Company 


H. B. LOGAN, President 
242 West 41st Street New York 


s AR FIRST, LAST AND ALL THE TIME 


THE ROLL THAT SAVES YOUR ROLL THE IDEAL FUSE STRIP 
Сап be used In Daum Refillable” Fuaes to give maximum 
protection at minimum cost 


Example: -Here is shown а 100 ampere renewable fuse. If you want 85 
кор ‘ree, you cut t › first line (marked 55), If you want 75 amperes. you cut to 
)D« d line (marked 75), ete. Yon can’t go wrong because these fuse stripe are 
made to fit only in diffi ‘rent Sizes of P TU M fuse shella. The capacity ia marked 
on ail брен оп іппег end « f fuse re П. You are never “up against it ” with 
these fuses. You have “Safety First" and you can make your fuses anything 

under the safety limits. Can also supply fuses In rolls up to 600 amperes. 


Prices on request. 


A. F. DAUM 
COMPANY 


Sole Manufacturers 
65-600 A. 2950-600 V. e - 2 PITTSBURGH, PA. 


DETROIT | seror 


RUBBER COVERED INSULATED 


WIRES | wea. 


DETROIT 


Reg. U. S. Patent Office. 
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National 
Air Compressors 


With Automatic Control 
FOR INDUSTRIAL SERVICE 


Embody the latest features in de- 
sign and are absolutely reliable and 
most economical. 


They are ruggedly built to withstand 
hard usuage under the most severe serv- 
ice conditions. 


Only materials of the Highest Quality, 
accurately machined by skilled me- 
chanics, enterintotheir construction 


Built in capacities from 11 to 550 cubic 
feet of free air per minute. 


Illustrated and described in catalogues 
“400 - 1,.u1. Write our nearest Sales 
Office for copies today. 
SALES OFFICES : z Я 
Noo oae Султ Bids: National Brake & Electric Co. 


Chicago, Railway Exchange Bldg. Works at Milwauk Wi 
Los Angeles . Bog. a ilwa ee, is. 
Pittsburgh Westinghouse Bldg. U.S.A. 
St. Louis, Mo Security Bldg. 
Mexico City, 4a, Puento de Alvarado No. 100 
London, England 14 Great Smith Street 


For Draining Pits Or Sumps Automatically 


This sump pump will handle any fluid or 
light semi-fluid and is adapted for draining 
power house sumps, basements or for pumping 
domestic sewage. 

It is furnished complete with pit cover, dis- 
charge pipe, motor and starter. The starter 
is controlled automatically by a foot switch so 
the pump will be started whenever the liquid 
rises to a certain level in the sump. As the 
sump is emptied the switch is opened auto- 
matically. 

If desired, the outfit can be supplied with 
a pulley for belt drive instead of the electric 


motor. 
Ask for bulletin No. 111 


THE GOULDS меғе.со. 


LARGEST Hrror PU [RZ] PS ror cvery szrvice 


110 W. Fall St. Seneca Falls, N. Y. 
Branches and Agencies in Principal Cities 
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Small Curtis Steam Turbine 


Curtis Steam Turbines are 
Simple, Sturdy, Satisfactory 


The maximum power producticn from a given amount of fuel with mini- 
mum maintenance and upkeep charge is obtained where Curtis Turbines 
are installed. 


The simple, sturdy construction; the absence of unnecessary and complex 
parts; the sustained economy without adjustment, makes them the ideal 
prime mover for small and medium sized steam plants. 


Over two thousand Curtis Turbines of 300 kw. and smaller are in service 
and orders are being constantly filled to provide additional equipment for 
satisfied users. 


Bulletin No. 4887, “Small Turbo-Generator 
Sets," will be mailed you оп request. 


General Electric Company 


е Largest Electrical Manufacturer іп the World Бына б 
nta, Ga. ortan re. 
Baltimore, Md. General Office : Schenectady, N.Y. Providence, R. ı 


Birmingham, Ala. Richmond., Va. 


Bouton Mae D Col Address КЫШТ Sede cis UG 
oston, Mass. enver, Colo. emphis, Tenn. t e City, Uta 
Buffalo. N.Y. Des Moines lowa Nearest Office Milwaukee, Wis San Francisco. Cal. 
Butte Mont. Detroit. Mich Minneapolis, Minn. St. Louis, Mo. 
Charleston W Va. (Office of Agent) (96) Nashville, Tenn. Schenectady, М.Ү. 
Charlotte. N. C. Elmire, N.Y. New Haven, Conn. Seattle, Wash. 
Chattanooga, Tenn Erle, Pa. New Orleans, La. Spokane, Wash. 
Chicago. II). Fort Wayne. Ind. Kansas City. Mo. New York. N.Y Springfield, Mass. 
Cincinnati, Ohio Hartford. Conn Knoxville. Tenn Niagara Falls, N.Y. Syracuse, N.Y. 
Cleveland, Ohio Indianapolis. Ind. Los Angeles, Cal. Omaha, Neb. Toledo, Ohio. 
Columbus. Ohio Jacksonville, Fla Louisville, Ky Philadelphia Pa. Washington, D. C. 
Dayton Ohio Joplin Mo. Mattoon. 111 Pittsburgh, Pa Youngstown, Ohio. 


For Texas. Oklahoma and Arizona business refer to Southwest General Electric Company (formerly 
Hobson Electric Со.).ПаПав El Paso, Houston and Oklahoma City For Canadian business 
refer to Canadian General Electric Company. Ltd.. Toronto, Ont. 4 
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Western Electric Type K Induction Motor, 4 to 15/]h.p. 


This is one of our many types of 
motors. 
There is a complete line of 


Western Electric 


Power Apparatus 


and all electrical supplies for every need. 
Our conveniently located distributing houses 
can make quick shipments anywhere. 


Send to our nearest house for prices on 
your requirements. 


WESTERN ELECTRIC COMPANY 


Manufacturers of the 7,000,000 “ВеП”” Telephones 


New York Chicago Камаз City San Francuco Montreal Londona 
Bufalo Milwaukee Oklahoma City Oakland Toronto Berlin 
Philadelphia Pittsburgh Minn Los Los Angeles Winnipeg Paris 

Boston Cleveland &. P Calgary Rome 
Richmond Cincinnati Denver Hoes Vancouver ohanaesburg 
Atlanta [мрн Omaha далана 

Savannah St. Louis Sak Lake City okyo 


Portland 
EQUIPMENT FOR EVERY ELECTRICAL. NEED 


XXII P ROCEEDINGS OF A. I. E. E. [June 


NNN ` \ STRONG mechanically 


EFFICIENT electrically 


ONE PIECE 
Made of 


BROOKFIELD 


REG U S PAT OFF 


GLASS 
nr Rated at 


No. 138. 10,000 VOLTS 


a З mighty ga iur because E s 

made from a mighty g езда as the 

uo соса (вуне indicates. Р BROOMFIELD 
e make all kinds of insulators— 

types—all sizes—--for every insulating pur- GLASS COMPANY 

pose. Те! us your insulator troubles and 2RECTOR ST., NEW YORK 

our engineers will gladly help without 


CHICAGO OFFICE: 
charge. Dictate a letter NOW. sss ED c ME 
STANDARD FOR HALF A CENTURY 


2! 


Lg. 


Wagner 
Self-Starting 


represents a great electrical 
improvement and combines 
characteristics not found in 
any other polyphase motor 
High Starting Torque 
Low Starting Current Absolutely self-starting 
High Overall Efficiency under heavy loads 
High Power Factor ie 


Bulletin 1026 


Manufacturing Company, St. Louis, Mo. 
== OOO 


Member of the Society for Electrical Development 
“ Do it electrically." 
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Every Electrical Engineer 


Should be posted on Electrical Apparatus and know who makes the best 
kinds for different purposes. 

Perhaps it's not possible for you to visit our factories but we want you to be- 
come familiar with our products. 

We make a specialty of manufacturing Complete Equipments for Light and 
Power Stations. 

Our Meters, Alternators, Generators, Transformers, Switchboards, Motors, 
etc., are used in some of the finest installations all over the country and have es- 
tablished for us а national reputation for quality. 

We won't attempt here to tell all their strong points; their exclusive advant- 
ages—the features that make them superior to others or show why they last longer, 
do their work better and require fewer repairs, but we have some interesting illus- 
trated Bulletins on each subject that go into details on these points. 

These bulletins are free and we will be glad to furnish you with any you desire 


Fort Wayne Electric Works 


OF GENERAL ELECTRIC COMPANY 
MAIN ОРРІСЕ : Port Wayae, ind. PACTORIBS: Pert Wayne, ind., and Madisen, Wis. 


Atlanta SALBS OFFICBS: Seattle 

Bosten Dallas. Milwaukee St. Paul 
Chartette Denver New Yerk St. Louis 
Chicago Qrand Rapids New Orieans San Francisce 
Ciacinnati Kansas City. Pittsburg Syracuse 
Cleveland Madison Philadelphia Yokohama, Japan 


jummary 


| (Westinghouse Brake Equipment and Facilities) 


Straight Air Brake for single cars only, 
in very light slow-speed city service. Fur- 
nished also as a “Featherweight” schedule. 


Semi-Automatic or Straight-Air Brake with 
Emergency Feature for single cars, or motor 
car with one trailer trains, operating in city 
or suburban service. Furnished also as a 
“Featherweight” schedule. 


AMM. Quick Service, Graduated Release, 
High Emergency Pressure Automatic Brake 
for trains of from one to five cars, operating 
in suburban or interurban service. 


AML Quick-Action, Quick-service, Grad- 
uated-Release, High Emergency-Pressure 
Automatic Brake for trains of any length. 


Electro-Pneumatic Brake for special sub- 
way and elevated road high-pressure traffic 
conditions, including various combinations 
of the universal or "built up" type of ap- 
paratus, as required. 


Governor Synchronizing System for insur- 
ing simultaneous starting and stopping of all 
compressors in a train, insuring equal diver- 
sion of pump labor, and reducing mainten- 
ance. 


Signal Systems. Pneumatic and electro- 
pneumatic, as required, for single cars or 
trains of any length; reliable and positive 
in operation, as well as economical in air 
consumption. 


Air Compressors and Governors, раг- 
ticularly designed for the severe and exacting 
conditions of air brake service. Compact, 
light weight, reliable, easily maintained, and 
built in a wide range of capacities. 


Special Shop Facilities for repairs to brake 
apparatus of all kinds, insuring accurate 
restandardizing at a minimum cost. 


Engineers and Experts at headquarters 
and in the field, for consultat:on, advice, 
supervision, or assistance in getting the very 
best results possible from the use oí air L-akes 


Westinghouse Traction Brake Co., Pittsburgh, Pa. 


New York 
City Investment Building 


Chicago 
Railway Exchange Building 


St. Louis 
Security Building 


For Canada, Canadian Westinghouse Co., Ltd., Hamilton, Ont. 
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That Will Operate in a 29-inch Clearance 


Here is an illustration of a Baldwin-Westinghouse 
Barsteel electric gathering locomotive that operates 
successfully in a clearance of twenty-nine inches—36 
inches was heretofore considered about the limit for 
locomotives. 

Great care has been exercised in keeping the overall 
height to a minimum, as is shown in the general con- 
struction of the locomotive and the location of the reel. 

There is not a projection above the top of the frame 
anywhere and ample room has been provided to permit 
the operator to crouch upon his seat. 

The reel is driven by an independent motor contained 
inside the reel drum. This motor is in effect an electrical 
spring. It tends to wind the cable up and its turning 
force acts as a brake and keeps the cable taut when the 
locomotive enters the room and promptly takes up all 
slack when the locomotive returns. 

With this type of reel there is easy access to the loco- 
motive motors, because of its being located out of the 
way on the rear of the frame. The armature of the reel 
motor can be readily removed for inspection and over- 
hauling. 

Locomotives of this type have successfully solved the 
problem of gathering in very low rooms. Our specialists 
in mine haulage, who make a careful study of various 
mining problems, will be glad to assist you in selecting 
the proper equipment for your mines. 

Get in touch with them by writing to either company. 


The Baldwin Locomotive Works 


Philadelphia, Pa. 
Westinghouse Electric & Mfg. Co. 


East Pittsburgh, Pa. 


Section A, Physics .% Section B, Electrical Engineering 


Issued monthly by the Institution of Electrical Engineers, London, 
in association with the Physical Society of London. With the co-opera- 
tion of the American Physical Society, the American Institute of Elec- 


trical Engineers, and the American Electro-Chemical Society. 
tttttttttt 


The contents of the two sections are as follows: 


Section A.—General Physics; Light; Heat; Electricity and Magnet- 
ism; Chemical Physics. and Electro-Chemistry. 


Section B.—Steam Plant, Gas and Oil Engines; Industrial Electro- 
Chemistry, General Electrical Engineering, and Properties and Treat- 
ment of Materials; Generators, Motors and Transformers; Electrical 
Distribution, Traction, and Lighting; Telegraphy and Telephony. 


tttttttttt 


More than 150 publications, including Society Proceedings and other 
periodical publications, appearing in all parts of the world, are regularly 
abstracted. 

The subscription price is $4.50 for either section separately, or $7.50 
for the two together. 

All members of the American Institute of Electrical Engineers can, 
by special arrangement, subscribe through the Secretary of the Institute 
at the reduced rate of $3.50 for either section separately, or $5.00 for 
both sections. Subscriptions should start in January. 

The first volume was issued in 1898. Back numbers are available. 
A sample copy of either section can be obtained on application to 

* F. L. HUTCHINSON, Secretary, 


American Institute of Electrical Engineers, 
33 West 39th Street, New York. 


Wires and Cables 


We manufacture wire from copper, iron, 
steel, bronze and brass, and will supply in any 
quantity Trolley Wire, Telegraph Wire, Arma- 
ture Banding Wire, and wire for other purposes 
In round, square, flat and special sections. 


The products of our insulated wire depart- 
ment include Weatherproof Wire, Annunciator 
Wire, Rubber Covered Wire, Magnet Wire, Lamp 
Cord and all other Electrical Wires. 


We make with strict attention to quality of . 
materials and workmanship Aerial and Under- 
ground Telephone and Power Cables, Switch- 
board Cables, Elevator Cables and Double Gal- 
vanized High Strength Wire Strand. 


John A. Roebling’s Sons Company | | 


TRENTON, N. J. 


Agencies and Branches: 


NEW YORK PHILADELPHIA CHICAGO CLEVELAND 
PITTSBURGH ATLANTA (Warehouse Savannah) 
SAN FRANCISCO LOS ANGELES 
SEATTLE PORTLAND, Ore. 
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